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Until 1937, streptococcic meningitis was considered a highly 
fatal disease. In 1935, Gray,’ reviewing a previous 34-year 
period, reported but 66 cases in which recovery occurred. In 
28 of these cases the disease was thought to be secondary to 
otitis. In 1937, Litvak and Klughertz* re-emphasized the high 
mortality rates in streptococcic meningitis primary or second- 
ary to otitis media, mastoiditis or sinusitis. They recorded, 
however, 57 additional cases in which recovery occurred from 
1935 to 1937. In five of these cases the patients had received 
sulfamido therapy of one kind or another. Excluding the pos- 
sibility of an increase resulting from wider reports, a definite 
improvement in recovery rates was experienced even without 
the addition of chemotherapy. Caussé and Gisselbrecht* early 
in 1936 reported the first case of hemolytic streptococcic men- 
ingitis in which chemotherapy was used. Their patient was 
treated with azosulfamide (prontosil). The year 1937, how- 
ever was the year in which these drugs came into promi- 
nence. Since then many cures have been reported. Quincke’s‘ 
studies in 1891 on meningitis, followed by the experimental 
and clinical work of his successors, have established funda- 
oansaas wie regard to general principles of treatment. This 
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work, in fact, made possible the use of sulfamido preparations 
to their greatest advantage as a therapeutic weapon. 


ETIOLOGIC AND BACTERIOLOGIC ASPECTS. 


In a review of 10,000 necropsies, Courville and Nielsen’* 
reported 246 instances of septic meningitis; 128 of these were 
secondary to disease of the middle ear or temporal bone. In 
51 cases the meningitis was secondary to disease of the middle 
ear or temporal bone. In 51 cases the meningitis was second- 
ary to acute otitis; in 48 cases the patients were less than 
10 years of age. In the cases in which the condition was acute, 
35 patients less than 15 years of age were observed, while 16 
patients were older than 15 years. These figures emphasize 
that septic meningitis usually occurs among young persons by 
extension from disease of the ear. 


Neumann’s® report (1925) represents a study of the bac- 
teria recovered in 109 cases of otitic meningitis. A single 
organism was recovered in 101 cases. Hemolytic strepto- 
cocci occurred in 45 cases. Diplococcus pneumoniae, type III, 
occurred 22 times; diplococcus pneumoniae of other types were 
found in 16 cases. Staphylococcus aureus was present in four 
cases and anaerobic forms of organisms in three. In the 
remaining cases the following bacterial forms were described : 
Streptococcus lanceolatus, Diplostaphylococci, Gram-positive 
and Gram-negative cocci, Escherichia coli, and Pseudomonas 
aeruginosa. Neal, Jackson and Applebaum’ re-emphasized the 
fact that hemolytic streptococci and pneumococci are at most 
the common offenders. Of pneumococcic infections, the type 
III appears to be the most commonly found in meningitis 
secondary to otitis media or mastoiditis. Smith and asso- 
ciates* reported one case in which meningitis was due to 
anaerobic hemolytic streptococcus of the Beta type. Better 
bacteriologic methods for recovering anaerobes in the future 
may identify more organisms of this type. 


CLASSIFICATION. 


In general, two types of otitic meningitis occur clinically. 
The first is the fulminating type, in which invasion of the 
meninges may occur simultaneously with involvement of the 
ear. This meningitis is probably secondary to a bacteremia. 
To this type Dench® gave the term “coincident meningitis.” 
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The second type is that which develops by a transmission 
from contiguous regions of disease in the temporal bone. 


The distinction between inflammation of the leptomenin- 
ges in which bacteria can be cultured from the cerebrospinal 
fluid and inflammation in which the fluids are bacteriologically 
negative is of great clinical importance because of the marked 
difference in mortality rates which accompanied these two 
types of disease before the introduction of the sulfamido ther- 
apy. Courville and Nielsen® stated that during a four-year 
period they had failed to see a single patient recover after 
organisms had been cultured from the cerebrospinal fluid. 
They divided the reactions of the leptomeninges to infection 
into “reactive meningitides” and “septic leptomeningitis” and 
thought the most useful classification of otogenous menin- 
gitis was that of Goerke,*® which follows: 


“A. Direct or Primary Meningitis (direct extension from 
temporal bone). 


“1. Hematogenous form, by way of the pial veins. 


“2. Tympanogenous form: a. By normal preformed paths; 
b. through developmental preformed channels; c. through 
pathologically developed paths. 


“3. Labyrinthogenous form: a. By preformed paths; b. by 
pathologically developed paths. 


“B. Indirect or Secondary Meningitis (by way of other 
intradural complications). 


“1. Direct transmission from: a. Thrombosis of the lateral 
sinus; b. subdural infection; c. abscess of the brain. 


“2. Concomitant or symptomatic meningitis associated with 
thrombosis of the lateral sinus, subdural infection or abscess 
of the brain.” 


Cawthorne” believed it simpler to call all of these condi- 
tions meningitis but to qualify them as “serous,” “cellular” or 
“bacterial,” based on examination of the cerebrospinal fluid. 
He emphasized further the necessity for careful search for 
a primary focus in all cases of meningitis including menin- 
gococcal types. Passot'! has emphasized the fact that acute 
hypertensive intracranial states may occur in conjunction 
with general toxemia with otitis media and mastoiditis, as 
well as with other infections even without evidence of men- 
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ingeal inflammation. Toxic meningitis resulting from an 
increased output of cerebrospinal fluid without increased cel- 
lular elements or albumin may occur. Cawthorne’s simple 
classification is quite workable if these points are considered. 


ROUTE OF ADVANCE TO MENINGES. 


Infection may reach the meninges from the diseased tym- 
panomastoid, the petrous pyramid and the labyrinth. Because 
of this, premonitory symptoms are often roticeable pending 
involvemcnt of the leptomeninges from these separate situa- 
tions. Disease in these three regions can be distinguished 
clinically by certain signs and symptoms. The surgical inter- 
ference necessary in these cases is influenced by knowledge 
of the route of advance of the infection even in the presence 
of bacterial meningitis. ; 


Courville and Nielsen* reported that intracranial infection 
severe enough to cause death occurred in 94, or 31 per cent, 
of 303 cases of otitis media in which the patients came to 
necropsy. Erosion of the tegmen of the tympanum or mas- 
toid process occurred in 27 cases. In these 27 cases lepto- 
meningitis was present in 18. Meningitis was primary in 11 
and secondary to other intracranial lesions in seven. In 128 
of the cases in their report, septic meningitis was secondary 
to disease of the middle ear or mastoid cells and the condi- 
tion was of the primary type in 89 cases. Their records were 
not sufficiently complete to state the number of cases in which 
meningitis was secondary to labyrinthitis. In six cases of 
leptomeningitis the disease was secondary to apical petrositis 
and in one it was secondary to lesions elsewhere in the petrous 
pyramid. 


Boemer™ reported two cases of otitic meningitis, in one 
of which the subarcuate fossas communicated directly with 
the mastoid antrum. He also reviewed the literature on the 
occurrence of this condition. In his second case a pericarotid 
abscess communicated with the leptomeninges by way of an 
abscess in the region of the Gasserian ganglion. 


Dorothy Wolff'* described the preformed routes to the 
arachnoid sac owing to faulty development, which included 
fistulas of the oval and round window, canals or cochlear 
wall. She also mentioned failure of closure of the petro- 
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squamosal fissure in the roof of the middle ear and mastoid 
antrum, and the persistence of Hyrtl’s recess, which runs 
inferomedially from the niche of the round window in a direc- 
tion practically parallel to the course of the cochlear aqueduct. 


Friesner and Druss' reported eight cases of intracranial 
extension of otitic disease. In three of these cases the 
advance had been from postbasal pyramidal cells to the pos- 
terior surface of the petrous pyramid, lateral to, or into, the 
internal auditory meatus. In two other cases the disease had 
reached the dura mater from the middle ear and mastoid 
process, extending in one instance through the tegmen antri 
and once from zygomatic root cells. In another case throm- 
bosis of the jugular bulb apparently had produced meningitis 
by metastasis, and in one case meningitis was secondary to 
labyrinthitis by way of the ductus cochlearis. 


In an attempt to trace the pathways between the labyrinth 
and the meninges, Perlman and Lindsay'® studied the laby- 
rinths from 58 temporal bones obtained from 30 patients 
who had died of meningitis in acute stages and in whom sec- 
ondary labyrinthitis had developed. They hoped, by tracing 
infection from the meninges backward into the labyrinth, to 
demonstrate in reverse the pathways in labyrinthitis by 
which infection reaches the meninges. Results of this study 
tended to suggest that in labyrinthitis with secondary men- 
ingitis the disease process invades the perilymphatic spaces 
first. The cochlear aqueduct and scalae are next invaded, 
and there is a tendency toward limitation of the disease proc- 
ess at the lamina cribrosa. The final stage of inflammation 
involves the VIIth and VIIIth cranial nerves in the internal 
auditory meatus. Perlman and Lindsay showed that a demon- 
strable subarachnoid space usually can be traced to the mouth 
of the foramen for the facial nerve in the internal auditory 
meatus, a space which sometimes extends as far as the genic- 
ulate ganglion but rarely beyond it. Usually, just beyond the 
facial foramen, the pia arachnoid becomes closely applied to 
the trunk of the facial nerve to become its perineurium, 
effecting a barrier to pus cells extending along the facial 
canal. Infection spreads along the facial canal to the limits 
of the subarachnoid space, and when the subarachnoid space 
extends as far as the geniculate ganglion, it is probable that 
swelling and edema accompanying the infection will be suf- 
ficient to produce palsy of the facial nerve. 
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Lindsay” studied the petrosae of 28 patients who had died 
of meningitis. Among the 28 patients were 15 in whom the 
meningitis had occurred as a complication of acute otitis 
media. In only two of these cases was he able to find the route 
of advance to the meninges. In one the meningitis had been 
secondary to osteomyelitis of the squama temporalis; in the 
other, acute labyrinthitis had led to suppuration of the endo- 
lymphatic sac, and had then invaded the leptomeninges. The 
remaining 13 cadavers, in which advance to the meninges 
had occurred from the petrous pyramid, were subjected to 
careful study, and Lindsay concluded that the disease had 
reached the middle or posterior fossas by successive invasion 
of the pneumatic spaces of the petrous pyramid, with destruc- 
tion of the dividing walls. In some instances the destructive 
process had exposed marrow spaces, but the medullary reac- 
tion had prevented extension through them, the disease 
seeking lines of least resistance, usually along vessels by 
periphlebitis without thrombosis and reaching the dura mater 
along penetrating vessels. 


Courville and Nielsen’ described as “pachymeningitis pene- 
trans” a lesion in which grossly there was a small, round or 
oval patch of gelatinous or stringy exudate, the underlying 
dura being a mottled reddish yellow-green, with both layers 
of the dura affected. This type of lesion was found six times 
in their necropsy material, being situated five times over the 
tegmen tympani and once over the petrous apex. In all six 
cases the lesion was associated with gross bony erosion and 
discoloration, and in each case leptomeningitis was present, 
which suggested the virulent nature of the small amount of 
subdural exudate. 


The same authors reported 17 cases in which subdural 
abscess was associated with otitis media and mastoiditis. 
Leptomeningitis was a complication in 13 of these cases. Of 
interest are three cases in which direct spread through the 
bone and dura of the tegmen tympani took place. There was 
no local reaction from the point of penetration. In four cases 
in which the subdural abscess was situated between the pos- 
terior surface of the petrous bone and the anterior surface 
of the cerebellum, active local reaction had walled off a small 
subdural abscess. Regional subdural abscesses about the 
inferior cerebral veins or about the superior cerebellar veins 














WILLIAMS, ET AL.: OTITIC MENINGITIS. 841 


were noted in three cases. In these cases the lateral sinus 
was thrombosed and retrograde thrombophlebitis of the affer- 
ent channels mentioned had resulted in the lesion. In the 
other cases, subdural abscess was due to bizarre types of 
venous extension which it would be impossible to suspect 
previous to necropsy. 


Cawthorne’® summed up the consideration of the routes 
of advance of infection to the meninges extremely well in 
stating, “. . . acute suppurative otitis media may cause men- 
ingitis within hours by spread through certain preformed 
spaces, within days by spread through veins, and within 
weeks by direct destruction of intervening bone.” 


PATHOLOGIC ASPECTS OF MENINGITIS. 


It is difficult to appreciate fully the fact that meningitis is 
a disease of the arachnoid and cerebral tissues, rather than 
of the cerebrospinal fluid, and to realize the speed at which 
nonreversible changes in these tissues take place, without 
adequate consideration of the pathologic process in the arach- 
noid sac and contiguous encephalic tissues. 


Eagleton"? stated that in otitic meningitis inflammatory 
reactions of the arachnoid meshes may confine the lesion to 
the status of localized or general basal meningitis. The site 
of the primary focus in the bone or end-organ or in a venous 
sinus dictates the particular cistern or the part of the 
arachnoid mesh that is first invaded. The disease may then 
extend to the fine arachnoid channels covering the cortex, 
with the production of cortical meningitis. Finally, the infec- 
tion may invade the ependyma, with resulting ventricular 
ependymitis. Eagleton investigated the venous pathways 
extending into the ventricular system from mastoid suppura- 
tion. He found that the infected vessels which left the tem- 
poral bone were chiefly the veins of the internal auditory 
meatus, the venules within the saccus endolymphaticus and 
those draining into the jugular bulb. These vessels join the 
anastomotic vein of Rosenthal. This vessel also receives ter- 
minals from the lateral and basal sides of the cerebellum and 
from the cerebellopontine angle, as well as from the basal 
ganglia. The ventricular system drained by the veins of 
Galen also communicates with this vessel. The anastomotic 
vein of Rosenthal passes through the cisterna ambiens sur- 
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rounding the superior collar of the cerebellum. In meningitis 
secondary to phlebitis of the arachnoid vessels which devel- 
ops during hematogenous or osteophlebitic meningitis, Eagle- 
ton stated that the infection enters the meninges by virtue of 
osteophlebitis of the Small vessels which involves the cortical 
intracerebral veins after it has passed through the dura. The 
infection spreads in the walls of the veins, which, being with- 
out fibrous covering, break down. This disintegration pro- 
duces local abscesses in the arachnoid or in the subdural 
space, the ulcerating vein disappearing in the pus. Eagleton 
found that such local abscesses frequently were adjacent to 
the petrous pyramid, especially in the region of the saccus 
endolymphaticus. Eagleton stated that the finding of such 
an abscess at operation had led him to regard it as the cause 
of the meningitis, “a mistake that would have been avoided,” 
he wrote, “had I appreciated the significance of the positive 
blood culture without venous sinus thrombosis.” He found 
that meningitis secondary to phlebitis of the arachnoid ves- 
sels rapidly traveled over the base and cortex. If the infec- 
tion reached the veins without the chiasmal cistern, the 
infected fluid was at once disseminated to all parts of the 
cerebrospinal system, because of the free communications 
that this large mesial cistern has with other cisterns of the 
base. 


Kelemen'* stated that in histologic examination of petrous 
bones after inflammatory disease which was accompanied by 
intracranial complications, there were found on the tegmen 
between the dura on the one side and the soft parts of pneu- 
matic spaces or of medullary and vessel spaces on the other 
side, places of passage, at which an attempt at perforation 
had taken place, but at which such rupture was prevented 
by processes of repair. He entitled these microscopic, still 
reversible, reparable processes, “propagations of frustrated 
form,” which present themselves in the course of mastoiditis 
or petrositis as exacerbations. During the course of the dis- 
ease a number of “propagations of frustrated form” may 
present themselves. If these follow each other at longer inter- 
vals, they will impart a certain immunity to the dura; where- 
as if they present themselves in rapid succession, they will 
create a number of weakened places on the dura which may 
be fatal in the case of a new attack. In such case the pre- 
vious defects will by summation produce a fulminating type 
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of infection. The photomicrographs which Kelemen pre- 
sented tend to show that the pathologic processes not only 
advance through the dura to the arachnoid by dissolution of 
the dura to produce arachnoid-mesh meningitis, but also that 
propagation to the veins of the pia, by way of the vascular 
canals from the dura to the bone of the tegmen, to produce 
arachnoid vessel meningitis, may take place. The section of 
a pneumatic tegmen cell, the wall of which is covered by an 
invagination of the dura and in the open lumen of which 
purulent masses are visible, suggests the reason for the insist- 
ence by many otologists that the bone over inflamed portions 
of the dura be completely removed. 


Macewen"® stated that in serous meningitis the arachnoid 
meshes are distended by a clear serum which contains flakes 
of fibrin and a few leucocytes. The arteries appear to be far 
more numerous than is usually represented. The veins are 
very large and full. The pia has a swollen edematous appear- 
ance and is much injected. The underlying portion of brain 
is moist and glistening; the white substance especially so. In 
purulent meningitis, in addition to hyperemia and serous 
exudation, there is great exudation of leucocytes into the 
perivascular spaces with intense dilatation of the veins, their 
periphery being marked with opaque white and yellow exu- 
dation caused by the infiltration of leucocytes. The coats of 
the vessels are traversed by leucocytes and the veins fre- 
quently are plugged with granular coagula. Exudation is at 
first confined to the arachnoid tissue and pia matral clefts 
and spaces. It may extend to the brain and through the 
transverse fissures to the telae choroidae, which then swell 
and become covered with pus and fibrinopurulent exudation. 
The underlying brain substance is then moist and soft, and 
the fluid within the ventricles is turbid and seropurulent. 
When the base of the brain and cerebellum is affected with 
purulent leptomeningitis, the spinal axis is covered with pus. 
Macewen felt that although it is stated that there are cases 
in which purulent acute leptomeningitis does not produce 
encephalitis, in patients seen by himself after inflammation 
due to infective causes there was always involvement of the 
cerebral tissue, especially the cortex, which had undergone 
extensive inflammatory changes. He stated that the inflam- 
mation may extend into the cerebral cortex by the pial 
sheaths of veins which become filled with leucocytes, or there 
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may be direct extension of the inflammation facilitated by 
prior adhesion of the membranes. Accompanying the puru- 
lent meningitis frequently is involvement of the interior of 
the brain in the form of minute extravasations in the peri- 
vascular sheaths and larger ones in the cerebral tissue, the 
latter generally being surrounded by a layer of cerebral soft- 
ening, which areas ultimately may be the seats of purulent 
exudation. Occasionally, serous or seropurulent effusion may 
form acute meningeal or external hydrocephalus or localized 
abscess. This occurred especially when inflammation extend- 
ing from without involved the visceral aspect of the dura, 
the inner membranes having become soldered, so to speak, at 
the periphery of the affected zone, although they were free 
in the center. 


Merle” stated that histologically the mesothelial cells of 
the ependyma underwent degenerative changes which led to 
their destruction, and that desquamation of ependymal cells 
over a greater or lesser extent of the ventricle was frequent. 
Hypertrophic activity on the part of the subependymal glial 
tissue often resulted in the formation of small mounds. The 
subependymal cellular infiltration was diffuse, but was usually 
wholly perivascular. 


In studying 24 cases of purulent meningitis, Wertham” 
was able to confirm the observations made by Macewen, espe- 
cially those concerning the paled areas in the deeper layers 
of the cortex caused by vascular thrombosis. His study 
showed that before the second day of the disease in the men- 
ingitic process damage may be done to the parenchyma of 
the central nervous system which cannot be completely 
restored. Wertham suggested as a result of this study that 
since the vast majority of the cerebral lesions in purulent 
meningitis are due to circulatory factors, then therapeutic 
procedures directed toward relief of the circulatory system 
in purulent meningitis may deserve more attention than has 
been bestowed on them so far. 


Study of the pathologic aspects of meningitis emphasizes 
the fact that, if the patient is to recover, therapy adequate 
to stop advance of the pathologic processes must be adminis- 
tered very early in the course of the disease. It also clearly 
shows that complicating brain abscesses and neurologic 
sequelae should be expected in suppurative meningitis. 
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NEUROLOGIC DIAGNOSIS. 


Oppenheim* stated that in a typical case of purulent men- 
ingitis the onset is characterized by severe, persistent but 
exacerbating headache. This undergoes diffuse extension, but 
at times is felt mostly in the frontal and occipital regions. 
This is followed by a dulling of the sensorium, the patient 
becoming dazed, delirious in sleep (afterward constantly) ; 
or else a condition of somnolence varies with one of delirium. 
It is characteristic that headache continues during the period 
of delirium, so that the patient in his stupor occasionally 
cries out because of the pain. Even in stupor he grasps his 
head, makes painful grimaces, especially when it is sought to 
move the head passively. As long as his sensorium is free he 
complains of vertigo, and especially of sensitiveness to light 
and noise. Vomiting is often, if not always, present and has 
all the signs of being of cerebral origin. 


Eagleton"’ stated that any headache in the presence of oti- 
tis combined with signs of cerebral involvement is suggestive 
of meningitis. Vomiting is regarded as the expression of a 
cerebral reaction and in the absence of labyrinthitis the first 
instance of vomiting is regarded as being clinical evidence 
of the date when the infection entered the meninges. He 
believed that continued drowsiness with a normal ocular fun- 
dus or with slight blurring of the optic disks in the presence 
of septicemia is suggestive of cerebral edema from encepha- 
litis. Eagleton?* believed that arachnoid-space meningitis in 
which the infection travels within the arachnoid mesh can be 
distinguished clinically from arachnoid-vessel meningitis in 
which the disease is propagated by septic periphlebitis of the 
arachnoid veins. In the first type, headache is a prominent 
feature. In the second, when involvement of the venous 
system of the arachnoid is the principal pathologic picture, 
the patient is in a drowsy condition, from which he can 
be aroused, with intermittent rotary nystagmus. Eagleton 
thought that the lack of headache in the second type of men- 
ingitis might be due to the rapid appearance of cerebral 
edema. 

Some of the most important symptoms of meningitis are 
rigidity and retraction of the muscles of the back of the neck. 
These probably are due to meningitis of the posterior cranial 
fossa and are, therefore, constant symptoms of basal menin- 
gitis. A certain degree of rigidity is also found in the rest of 
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the musculature of the body. According to Kernig,** if the 
patient is placed in a sitting position so that the legs hang out 
of the bed, tension of the flexor muscles of the knee is dis- 
tinctly noticeable, and the leg cannot be completely extended. 


Most important diagnostic observations are made in exami- 
nation of the cerebrospinal fluid. Eagleton'’ stated that mark- 
edly increased pressure of the cerebrospinal fluid, with a 
normal cell content, was the expression of a protective reac- 
tion. The infected bony region causing the irritation must 
be adjacent to or in communication with the arachnoid mesh. 
Scrupulous care on the part of the bacteriologist is of great- 
est aid to the surgeon who must select the operative procedure 
of choice in the presence or absence of demonstrable infec- 
tion. The possibility of attenuated strains of organisms pro- 
ducing so-called aseptic meningitis has been emphasized by 
Jansen.** According to Eagleton’? a count of 100 cells per 
cmm. in the spinal fluid with evidence of disease in the ear 
suggests beginning localized meningitis. A moderate number 
of organisms in a cloudy fluid is evidence of generalized sep- 
tic leptomeningitis. Clear fluid containing numerous organ- 
isms is also of grave prognostic importance. 


Kopetzky and Fishberg*® attach considerable significance 
to chemical examination of the spinal fluid. According to 
their findings, increase of potassium salts, a low pH or a 
lowered carbonate content and particularly an increase in 
lactic acid suggest meningitis. 


Eagleton** stated that certain neurologic symptoms sug- 
gested certain localizations of the disease process. A stiff neck, 
a nonreacting labyrinth and spontaneous nystagmus of cere- 
bral origin, he thought, suggest the posterior fossa as the 
seat of the disease. Pain in the distribution of a branch of 
the Vth cranial nerve suggests invasion of the middle fossa, 
as does hypersensitiveness of the auricle. Nonreactibility to 
caloric stimulation of both labyrinths with the patient in 
both vertical and horizontal positions, although he or she 
hears in one ear or both, occurs when effusion has occurred 
into the arachnoid mesh covering the anterior surface of 
the pons and medulla and the inferior surface of the cere- 
bellum. 


At the Mayo Clinic, in observation of a patient who has 
otitis media or mastoiditis, we fear the possibility of menin- 
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gitis when headache and photophobia appear, especially when 
they are associated with vomiting. Under similar circum- 
stances we suspect meningitis may be present when the patient 
complains of nuchal rigidity. The objective demonstration of 
resistance to forward bending of the head (stiff neck), par- 
ticularly when it is associated with Kernig’s and Brudzinski’s 
signs, makes us sufficiently suspicious of the presence of men- 
ingitis to resort to lumbar puncture and microscopic, chemi- 
cal and bacteriologic examinations of the cerebrospinal fluid. 
Any elevation of the cell count or of the concentration of 
protein in the cerebrospinal fluid suggests to us that the 
leptomeninges are reacting to a noxious agent. If the smear 
(and ultimately cultures) of the cerebrospinal fluid are 
reported negative and the normal sugar content is not 
decreased, we assume that bacteria are not growing freely 
in the arachnoid sac, although we recognize that a localized 
region of meningitis may be walled off by arachnoid granula- 
tions. If, however, bacteria are identified on smear of the 
cerebrospinal fluid or are subsequently reported to be present 
on culture of the cerebrospinal fluid, we recognize the pres- 
ence of true meningitis (pathologically, always meningo- 
encephalitis). When chronic discharge from an ear is of 
tuberculous origin but not recognized as such, the develop- 
ment of tuberculous meningitis may lead to uncertainty as 
to the proper course of treatment to pursue. In the distinc- 
tion of turberculous otitic meningitis, we believe that a rela- 
tive increase in lymphocytes, as opposed to polymorphonu- 
clear leucocytes, together with an unusually low grade of 
glycorrhachia, is of diagnostic significance. If pellicle forma- 
tion is present, the Mycobacterium tuberculosis may be dem- 
onstrated in the pellicle. 


OPHTHALMOLOGIC SIGNS OF MENINGITIS. 


Oppenheim* stated that pupillary differences often are 
found early in meningitis; the pupils generally are contracted 
at first and are later dilated. Ptosis and paralysis of the 
muscles innervated by the oculomotor nerve suggest, or 
paralysis of the abducens nerve suggests, involvement of the 
middle fossa near the apex of the petrous pyramid. Nystag- 
mus is less often noted. Eagleton, however, mentioned tran- 
sient rotary nystagmus as indicative of meningitis localized 
in the pontile cisterns, and suggested that corneal neuranes- 
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2 
thesia of the homolateral cornea which may be transient 
indicates invasion of the middle fossa. Hemianoptic indenta- 
tions’? of the visual fields were thought to furnish evidence 
of a collection of fluid in the chiasmal cistern from suppura- 
tion of the petrous apex or cerebral edema involving the 
homolateral optic tract. In edema of the optic tracts the 
defects in the visual fields are rapidly changing, the hemian- 
optic indentation often preceding by days or even weeks out- 
standing neurologic symptoms. At the Clinic, homonymous 
hemianoptic defects are considered to be indicative of abscess 
of the temporal lobe rather than of uncomplicated meningitis. 


Paralysis of the abducens nerve was thought by Balden- 
weck** to be due in most instances to swelling of Dorello’s 
canal with consequent pinching of the cranial nerve, but he 
also believed that toxic neuritis occurring after the localized 
dural irritation of Gradenigo also might lead to this result. 


Atkinson** thought that paralysis of the IVth cranial nerve 
was consequent to swelling of the dura in the region of the 
body of the sphenoid bone, a swelling which pressed the nerve 
against the carotid artery. 


In the older literature particularly, considerable confusion 
exists between the terms “optic neuritis” and “choked disk.” 
Presumably, in the older literature, the term “optic neuritis” 
must be considered to be synonymous with “choked disk” 
and interpreted as a sign of increased intracranial pressure 
and not primarily as an inflammatory process of the optic 
nerve, as it is understood to be at present. Mygind?’ found 
optic neuritis in six of 32 cases of meningitis (19 per cent), 
and Hansen*’ reported the observation of optic neuritis in six 
of 14 patients who had uncomplicated otitic meningitis (43 
per cent). Uhthoff*' stated that optic neuritis and especially 
choked disks were rare in uncomplicated otogenous menin- 
gitis and wrote that they pointed usually to complicating epi- 
dural abscess, abscess of the brain, internal hydrocephalus, 
or infectious thrombosis of a sinus. He thought that homony- 
mous hemianopsia usually indicated an abscess in the tem- 
poral lobe. He stated that the abducens nerve was involved 
more frequently than the oculomotor nerve and that conju- 
gate deviation of the eyes might occur in uncomplicated 
meningitis, but was more often a sign of cerebellar abscess. 
In his opinion nystagmus usually indicated labyrinthitis or 
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cerebellar abscess. Pitt** reported a series of 23 cases of 
otogenous meningitis in which the patients had come to 
necropsy. The eyegrounds had been examined in nine of 
these cases. Optic neuritis was present in three. Pitt, how- 
ever, considered that the optic neuritis was caused by men- 
ingitis itself in only one case (11 per cent). 


In 40 cases of otitic meningitis observed at the clinic, abnor- 
malities in the ocular fundi were observed in only eight (20 
per cent). Abnormalities other than those seen in the fundus 
occurred in 18, or 45 per cent. Choked disk was noted in five 
of the eight cases in which lesions were demonstrable in the 
fundi. In only two (5 per cent) of the cases could the choked 
disk be ascribed to uncomplicated meningitis. The choked disk 
in one case was present before meningitis and was asso- 
ciated with a tumor of the pontine angle. In a second case 
the choked disk was due to thrombosis of the cavernous sinus 
and was also present before the development of meningitis. 
Localized hemorrhagic encephalitis noted at the time of oper- 
ation was presumed to be the cause of the choked disk in the 
third case. Retinitis was the abnormal finding in the three 
other cases in the group of eight. On the basis of these obser- 
vations, it would appear that a choked disk due to meningitis 
alone is not very common. When choked disk is present it 
would seem wise to suspect a complicating localizing lesion. 


Paralysis of the external ocular muscles was observed in 
12 cases. The abducens nerve was involved in four cases and 
the oculomotor nerve in three. Complete ophthalmoplegia 
was present in two cases, in both of which thrombosis of the 
cavernous sinus also was present. Paralysis of conjugate 
rotation was seen in three cases and nystagmus in three. 


TREATMENT OF OTITIC MENINGITIS. 


In general the treatment of meningitis at the present time 
can be reduced to three major procedures. Drainage of the 
meninges with reduction of intracranial tension to remove 
toxic metabolites and to improve cerebral circulation consti- 
tutes the first. The second procedure in general consists in 
eradication of the primary focus of infection in the temporal 
bone. The third and most recent advance in the treatment 
of otitic meningitis is the use of chemotherapy. 


Drainage of the Meninges: The first to suggest and employ 
a type of spinal drainage was Quincke* in 1891. Many other 
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physicians have employed this method since its introduction. 
Neal, Jackson and Applebaum,’ in a report before the intro- 
duction of chemotherapy, emphasized that aside from removal 
of the primary focus of infection the most important thera- 
peutic procedure was adequate drainage of the cerebrospinal 
fluid. Before the introduction of chemotherapy, this was the 
greatest single aid to treatment of meningitis. Neal expressed 
the opinion that cisternal drainage is contraindicated because 
of the number of fatalities which have followed this proce- 
dure. Hempstead® also has emphasized the importance of 
spinal drainage. Some observers are not entirely enthusiastic 
concerning the use of spinal drainage; Jenkins,** for exam- 
ple, said that lumbar puncture is a serious procedure and 
should be employed only for diagnostic purposes. Other 
forms of forced drainage have been suggested by Kubie, and 
Spurling suggested drainage by means of laminectomy. Since 
the introduction of chemotherapy, however, these methods 
are rarely employed. 


In our experience we feel quite justified in endorsing the 
use of spinal drainage. Lumbar puncture should be repeated 
frequently enough to maintain pressure at as nearly normal 
as possible, and it can be carried out two or three times daily 
if necessary in the first two or three days of the illness. The 
advantages of this procedure include maintenance of adequate 
intracerebral circulation by decreasing pressure against the 
veins and also the prevention of thrombosis of the cerebral 
veins. Reduction in the incidence of secondary block of the 
aqueduct of Sylvius is also prevented by decreasing the 
chances of edema of the brain. We recognize the possibility 
of trauma with extravasation of blood into the fluid, which 
may occur in lumbar puncture. In our experience, however, 
this is rare. Continuous drainage through a ureteral catheter, 
as suggested by Love,** will eliminate the difficulties asso- 
ciated with repeated trauma. On the other hand, this pro- 
cedure was used in three of the cases herein reported and 
considerable difficulty was experienced in preventing the 
catheters from becoming blocked by exudate. This objection 
together with the possibility of contamination of the cerebro- 
spinal fluid in some instances leads us to favor lumbar punc- 
ture skillfully done. Unless there is a dangerous rise in the 
pressure of the spinal fluid, repeated withdrawal of fluid 
should be avoided. According to Hoyne,** intrathecal serum 














WILLIAMS, ET AL.: OTITIC MENINGITIS. 851 


therapy may be followed by a marked increase in the number 
of organisms present in the fluid, especially in cases of men- 
ingococcic septicemia in which there is not much evidence of 
meningitis. Hoyne’s entire thesis develops around the fact 
that there is often little or no evidence of meningitis asso- 
ciated with meningococcic septicemia and that intrathecal 
serum therapy breaks down the hematoencephalic barrier. 
One must not deduce from this that Hoyne’s thesis applies 
to the problems of otitic meningitis associated with infec- 
tions due to hemolytic streptococci or pneumococci. In so- 
called sympathetic or protective meningitis, spinal drainage 
is usually unnecessary. 


In fulminating meningitis, spinal drainage can occasionally 
be avoided if chemotherapy is started early in the course of 
the disease. If symptoms of pressure are prominent, lumbar 
puncture should be done, on the other hand, often enough to 
control the symptoms. If blockage of the pathways of escape 
of cerebrospinal fluid results from inflammation, as demon- 
strated by Weed and his associates, there is really no logical 
reason for withholding lumbar puncture. Adson expressed 
the opinion that ventricular puncture is of value in certair 
isolated cases. In the case of a patient with signs of brain 
abscess, whose condition is quite bad, ventricular puncture 
may remove intracranial hypertension and result in general 
and circulatory improvement, as well as make possible wall- 
ing-otf of the abscess. That may make possible selection of 
the optimal time for operation. This procedure proved 
extremely valuable in one case in which meningitis was due 
to hemolytic streptococci. Ventricular puncture of the pos- 
terior horn of the left ventricle revealed a pressure of more 
than 200 cm. of water. Continuous drainage resulted in 
marked improvement in the patient’s condition, as well as in 
a recession in the papilledema within two days. Such a pro- 
cedure at times may be a lifesaving measure. 


Surgical Eradication of the Primary Focus of Infection: 
Opinions differ somewhat at present concerning the second 
therapeutic procedure; namely, the eradication of the focus 
of infection in the temporal bone. The variance of opinion 
has been most prominent since the introduction of sulfamido 
therapy. Cawthorne’’ and others have pointed out the futil- 
ity of opening the mastoid cells or the labyrinth in cases in 
which fulminating meningitis occurs rapidly on the-heels of 








852 WILLIAMS, ET AL.: OTITIC MENINGITIS. 


an acute infection of the middle ear. Prior to the introduc- 
tion of chemotherapy the surgical treatment of fulminating 
meningitis was not attempted as such a procedure was 
regarded as futile. The real problem confronting the phy- 
sician today is whether the lessons learned by painful experi- 
ence in meningitis secondary to mastoiditis or petrositis are 
to be disregarded since the introduction of chemotherapy. 
Before the introduction of sulfamido therapy, the important 
procedure to forestall meningitis was thorough elimination 
of the foci in the temporal bone before subdural invasion 
occurred. Previously, it was important to distinguish cases 
in which a smear or culture of the cerebrospinal fluid dis- 
closed organisms from those in which no organisms could be 
demonstrated. In the latter group of cases it appeared that 
the chance of recovery was fair. In the cases of so-called 
aseptic meningitis (Jansen), elimination of the neighboring 
focus before the development of septic meningitis was con- 
sidered worth while. However, Passot'' cast doubt on aseptic 
meningitis being other than a forerunner of bacterial involve- 
ment. Strauss*’ strongly emphasized the necessity for elimi- 
nating the neighboring focus without delay. Ruttin** recom- 
mended Neumann’s’ procedure of exposure of the dura of 
the middle and posterior fossas and elevation of the dura 
over the anterior surface of the petrous pyramid. A Neu- 
mann type of labyrinthectomy was then done and the dura of 
the internal auditory meatus was opened. Ruttin had not 
found that opening the dura of the pontile cistern was par- 
ticularly effective when organisms were present in the cere- 
brospinal fluid. A slightly better prognosis was offered by 
opening the dura of the internal auditory meatus if menin- 
gitis was secondary to labyrinthitis. In 1930, Eagleton** 
emphasized the importance of the petrous pyramid in men- 
ingitis and noted the tendency for meningitis to localize for a 
time in the cisterna pontis. He advocated drainage of the 
purulent collection in the cisterna pontis. 


In 1936, Simonton and one of us (Williams)**’ reported 
recovery of a patient who had meningitis caused by a green- 
producing streptococcus secondary to petrositis. Removal of 
the focus of infection and continuous spinal drainage by 
means of the technique of Love had been carried out. In 1937, 
Shambaugh*” reported the recovery of a patient who had 
meningitis caused by a nonhemolytic streptococcus secondary 
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to suppurative labyrinthitis. After labyrinthectomy the dura 
mater over the lateral cistern had been incised and a drain- 
age tube had been inserted. Mitchell** reported on two 
patients who had streptococcic meningitis and who recovered 
after removal of the focus in the mastoid process. Adam and 
Connal* reported two similar cases in the same year. In 
1937, members of the Chicago Committee** on Otitic Menin- 
gitis advised that if no organisms were found on smear of 
the cerebrospinal fluid, the mastoid cells should be exenter- 
ated without waiting for the report as to the culture, and 
that the dura of the middle and posterior fossas should be 
uncovered. If labyrinthitis or petrositis was found to be 
present, they recommended exenteration of such structures 
as the individual case would indicate. In other words, they 
followed the original recommendations of Neumann,’ with 
the addition of recognition of the importance of foci in the 
petrous pyramid. 


The idea that elimination of the primary focus in the tem- 
poral bone was no longer necessary since the introduction of 
chemotherapy has been fostered by some observers. Recently, 
however, Long** pointed out that patients with involvement 
of bone or bony tissue, receiving chemotherapy, present a 
special problem since recurrence is likely to occur if all foci 
are not removed. He concluded that adequate surgical drain- 
age is, indeed, still important in otitis media and mastoiditis. 
The patient himself must not be neglected while the infection 
is being treated. Continued therapy for weeks without com- 
plete recovery means hidden and masked foci. This will natu- 
rally result in unsuccessful use of the sulfonamido drugs in 
mastoiditis. 


Stewart* has pointed out that the abundant plastic exu- 
date in pneumococcic meningitis may encapsulate foci in the 
subarachnoid space and thus act as a source of reinfection. 
For this reason, every effort should be made to effect a 
cure early, thereby preventing this condition. Ombrédanne“ 
re-emphasized that alterations in the classic surgical conduct 
were unwise under the pretext that sulfamido therapy would 
rapidly cure meningitis. These references emphasize that 
the osseous lesions are not greatly influenced by sulfonamides. 
Kopetzky* felt that surgical drainage of the meninges was 
contraindicated in the treatment of meningitis associated with 
mastoiditis and that the important problem was keeping the 
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brain tissue alive. This, he felt, could best be accomplished 
when the cells are surrounded by cerebrospinal fluid whose 
chemistry is as nearly normal as possible. According to him, 
transfusion of small amounts of blood accomplishes this pur- 
pose better than do other measures, in addition to surgical 
removal of the focus in the temporal bone. Following removal 
of the original focus, only, does he advocate chemotherapy in 
mastoiditis and meningitis, because of his fear of the mask- 
ing effect of sulfonamides. 


Friesner and Rosenwasser* expressed the opinion that sur- 
gical operation on the temporal bone offers little in fulmi- 
nating forms of meningitis. These authors found suppura- 
tion in the petrous pyramid to be the most common pathway 
of extension of infection to the meninges. According to them, 
suppurative labyrinthitis has no tendency to localize; there- 
fore, they recommended that labyrinthectomy should be per- 
formed promptly. For drainage of the cerebrospinal fluid 
they recommended frequent lumbar puncture rather than inci- 
sion and drainage of the meninges. They, too, felt that sul- 
famido drugs are of value in controlling the infection only 
after the primary focus in the temporal bone has received 
attention. 


Brunner* studied 70 reported cases of otitic and rhino- 
genic meningitis in which the patients had recovered follow- 
ing the use of sulfamido therapy. These were compared with 
64 similar cases in which patients had recovered without 
chemotherapy. He concluded that it was unfair to exaggerate 
the effectiveness of chemotherapy to the point that surgical 
treatment of the mastoid cells was deemed unnecessary. In 
other words, Jansen’s axiom “that the first symptom of men- 
ingitis is the last summons to operate” is quite valid today. 
Brunner concurred in the opinion that opening the meninges 
was an unwise method of drainage but preferred spinal punc- 
ture plus chemotherapy. 


It is our opinion that complete mastoidectomy, with special 
attention to the perilabyrinthine cell tracts and the cells in 
the zygomatic root, should be done whenever evidence of 
dural irritation or meningitis occurs in the course of suppu- 
rative disease in the temporal bone. We further feel that 
sulfamido therapy should be instituted prior to operation. In 
the case of involvement of the petrous portion of the tem- 
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poral bone, the dura of the temporosphenoidal lobe and the 
cerebellum should be diligently uncovered down to the laby- 
rinthine capsule, in addition to measures for drainage of the 
involved pyramid. The uncovering should go as far posteri- 
orly, superiorly and anteriorly as is necessary to reach nor- 
mal appearing dura. If the function of the semicircular canals 
and cochlea is destroyed as a result of suppurative labyrinth- 
itis, complete labyrinthectomy of the Neumann type should 
be done. Since introduction of sulfonamide therapy we do 
not advocate incision of the dura. 


Chemotherapy: The third method of treatment, namely, 
chemotherapy, bids fair to usurp the place of all other meth- 
ods. Following the report by Caussé and Gisselbrecht* (1936) 
of recovery in hemolytic streptococcic meningitis after the 
use of chemotherapy, reports of a few cases appeared in this 
country. Two of the earliest cases were reported by Ander- 
son.*’ Since these earlier reports, innumerable successes have 
appeared in the literature. Converse” reported successful 
results and his report emphasized the importance of main- 
taining a high concentration of sulfonamides in the blood. 
Hewell and Mitchell** investigated the records of 30 cases of 
pneumococcic meningitis, including three cases of their own, 
in which sulfonamides were used. These authors also reported 
eight cases of meningitis in which positive blood cultures 
were obtained. Only one of these eight patients recovered 
and in this case the concentration of the drug in the blood 
ranged as high as 20 to 25 mg. per 100 cc. In the cases in 
which the patients failed to survive, the concentration was 
universally less than 15 mg. per 100 cc. of blood. 


Thirty-four cases of pneumococcic meningitis were reported 
by Hodes, Gimbel and Burnett.** In 17 cases the concentra- 
tion of sulfanilamide ranged from 1.1 to 11.4 mg. per 100 cc. 
of blood. Only one of the 17 patients survived. In the second 
group of 17 cases, sulfapyridine was administered. In six 
cases sulfapyridine was administered by mouth only. In these 
cases, only two patients recovered (33 per cent). In 11 of 
the 17 cases sulfapyridine was administered both orally and 
intravenously. In these 11 cases, the concentration of the 
drug in the blood was higher and in six of the 11 cases 
(approximately 55 per cent) the patients recovered. In addi- 
tion to emphasizing the ineffectiveness of sulfanilamide 
against pneumococci, it also emphasized the importance of 
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adequacy of treatment as measured by the concentration of 
the drug in the blood. 


Sulfanilamide, sulfadiazine and sulfapyridine are very 
effective against hemolytic streptococci. No further attempt, 
however, will be made here to include the voluminous reports 
concerning this subject. 


Our experience at the Clinic in the treatment of otitic men- 
ingitis by means of chemotherapy has caused us to be guided 
by two general conceptions. The first and most important 
factor is the maintenance of satisfactory concentrations of 
the drug in the blood regardless of the dose or the method 
of administration. The second principle has to do with ter- 
mination of therapy. Practically all the toxic effects of the 
drug are ignored except those which in themselves might ter- 
minate the life of the patient. Agranulocytosis and complete 
renal suppression are examples. A disease such as otitic men- 


ingitis with a mortality rate of almost 100 per cent justifies 
this course of action. 


Until the time of this report the drugs most commonly used 
were sulfanilamide and sulfapyridine. In the case of both 
drugs, the ratio of the concentration of the drug in the blood 
to that in the spinal fluid usually is close to 2:1. Since sulfa- 
pyridine possesses activity against a wider range of organ- 
isms than does sulfanilamide, it is the drug of choice in infec- 
tions of unknown origin. It is without question the drug of 
choice in our hands in treating pneumococcic infections. If 
the organism is identified as a hemolytic streptococcus, sulfa- 
nilamide is preferable. Before the introduction of sulfapyri- 
dine, some success was experienced with sulfanilamide in the 


treatment of meningitis caused by Diplococcus pneumoniae, 
type III. 


To adult patients we administer an initial daily dose of 
1 gr. per pound of body weight up to 120 pounds (0.065 gm. 
per 0.5 kg. up to 54.4 kg.), in equally divided doses at four- 
hour intervals. As an initial dose, to achieve an earlier sat- 
isfactory concentration of the drug in the blood, we admin- 
ister a dose which is approximately between half and three- 
quarters of the estimated daily dose. An estimation of the 
concentration of the drug in the blood is made six to eight 
hours later, and any indicated adjustments in doses are then 
made. For children we find that a somewhat larger dose is 
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necessary to obtain a satisfactory concentration of the drug 
in the blood, and therefore calculate our preliminary dose on 
the basis of 2 gr. per pound (0.13 gm. per 0.5 kg.) of body 
weight. If the patient is comatose or if much vomiting is 
present, we prefer to administer the sodium salt of sulfapyri- 
dine intravenously in an initial dose of 100 cc. of a 5 per cent 
solution in distilled water or to administer sulfanilamide sub- 
cutaneously in a dose of 500 cc. of an 0.8 per cent solution in 
physiologic solution of sodium chloride, repeating the admin- 
istration of either drug within six to eight hours, as seems 
necessary. An estimation of the concentration of the drug in 
the blood is made within eight to 12 hours, and any necessary 
adjustments are made after receipt of the report from the 
laboratories. In accordance with our experience in the treat- 
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Fig. 1. Temperature chart of patient undergoing treatment for pneumo- 


coccic meningitis. One can note marked recurrence of fever when concen- 
tration of sulfapyridine in the blood was allowed to fall below 10 mg. per 
100 cc. A marked exacerbation of symptoms occurred at this time. 


ment of meningitis, we feel that a concentration of the drug 
in the blood of from 16 to 20 mg. per 100 cc. is necessary to 
secure the most satisfactory result, depending on whether 
estimation of the concentration is made just before the next 
dose or at a peak level, so to speak. As an illustration of both 
desirable and undesirable maintenance of such concentrations 
we are presenting the temperature chart (see Fig. 1) of a 
patient suffering from pneumococcic meningitis, who exhib- 
ited marked recurrence of symptoms when the concentration 
of sulfapyridine in the blood was allowed to decrease to 10 mg. 
per 100 cc. According to the concepts we have presented in 
the preceding paragraphs concerning choice of drug, dose 
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and optimal concentration of drug in the blood, it will be 
noted that many of the patients who comprised the bases of 
this report were treated inadequately with chemotherapy in 
the early period of our experience. With improvement in our 
knowledge of these drugs a constant rise in the recovery rate 
has been experienced. 


If a patient receiving chemotherapy by mouth cannot tol- 
erate a dose sufficient to increase the concentration of the 
drug in the blood to satisfactory values, estimations should 
be made each morning and evening of the concentration of 
the sulfamido drug in the blood, and supplementary doses of 
sodium sulfapyridine or sulfanilamide which are sufficient to 
attain the desired concentration in the blood should be admin- 
istered intravenously in the first instance and subcutaneously 
in the second, after receipt of the reports from the laboratory. 


We feel that it is important to continue to administer a 
reduced dose of approximately 60 gr. (4 gm.) daily in divided 
doses for three weeks after apparent cure of the condition, 
as shown by negative results of tests of the spinal fluid. If 
this is not done, recurrence is likely, especially when sulfa- 
nilamide has been used, for Nitti and Bovet** have suggested 
that among patients cured by sulfanilamide biologic immu- 
nity to the infection does not develop. 


Wood and Long** stated that it has been established by a 
number of investigators that sulfapyridine exercises a bac- 
teriostatic effect only on pneumococci in vitro. Fleming®® has 
shown that the growth of pneumococci in human whole blood 
is inhibited by sulfapyridine, but that in the absence of leuco- 
cytes the organisms are not destroyed. When leucocytes are 
present in blood-sulfapyridine preparations, the growth of 
pneumococci is not only inhibited but in many instances the 
blood is rendered sterile, probably as a result of the com- 
bined action of the sulfapyridine and the natural antibacterial 
substances in the serum. If type-specific antipneumococcic 
serum is added to similar preparations, this sterilizing effect 
is greatly enhanced. Likewise, in vivo, the action of sulfa- 
pyridine seems to be principally bacteriostatic. Wood and 
Long®’ noted that, in pneumococcic peritonitis produced 
experimentally in mice, sulfapyridine inhibited the multipli- 
cation of pneumococci but that very little evidence of phago- 
cytosis was noted in the peritoneal exudates. When the mice 
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were treated with a small amount of antipneumococcic serum 
during the phase of bacteriostasis, the pneumococci became 
opsonifized and were quickly destroyed by phagocytosis. These 
observers likewise expressed the opinion that certain patients 
with pneumococcic infections responding poorly to sulfapyri- 
dine alone should receive type-specific serum. Francis” has 
recommended as a guide to serum therapy performance of a 
cutaneous test with the specific capsular polysaccharide of 
the pneumococci. In the hands of some observers this test 
has proved of value. Tobey’ has used serum therapy success- 
fully in conjunction with sulfapyridine in pneumococcic otitic 
meningitis. He employed the Francis test for controlling the 
dose. We feel that if sulfapyridine therapy is adequate the 
necessity for the costly specific antiserum may be avoided in 
a large number of cases. If, on the other hand, the response 
to sulfapyridine therapy is not satisfactory, certainly the 


patient should be given the benefit of antiserum in addition 
to chemotherapy. 


Additional procedures for the benefit and protection of the 
patient are tremendously important in connection with sulfa- 
pyridine therapy. Administration of enough fluid to main- 
tain a daily urinary output of at least 1,500 cc. is the greatest 
single protection against the development of anuria. Fre- 
quent transfusion of small amounts of blood also is of value. 
Locke, Locke, Bragdon and Mellon,** and Shaffer® have 
emphasized that sulfamido therapy is most effective in the 
presence of a medium rich in oxygen. Oxygen therapy is also 


considered a useful adjunct to chemotherapy in treating otitic 
meningitis. 


Maintenance of the patient in as nearly a normal nutri- 
tional state as possible is also significant. Since the patients 
receive most of their nutrition in the form of a solution of 
dextrose administered intravenously, vitamin supplements 
are valuable adjuncts. It is our practice to administer with 
each litre of dextrose 3 mg. of thiamine chloride, 2 mg. of 


riboflavin, 10 mg. of nicotinamide and 10 mg. of cevitamic 
acid. 


The usual precautions are diligently employed with regard 
to any changes which might occur in the patient’s blood. 
Finally, the closest co-operation between the internist and the 
otologic surgeon is paramount. 
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RESULTS. 


In order to evaluate the results of treatment of otitic men- 
ingitis with the sulfonamido drugs, we studied two groups of 
cases. Group 1 includes 46 cases of otitic meningitis observed 
in the five years before the introduction of these drugs. This 
group of cases was used for comparison of the results. 
Group 2 includes 24 cases of otitic meningitis observed in 
the five years since the introduction of these drugs. In the 
70 cases comprising the two groups, the term “otitic menin- 
gitis” has been used to designate disease of the temporal bone 
associated with neurologic symptoms and changes in the cere- 
brospinal fluid that are characteristic of inflammation in the 
subarachnoid space. In some cases, a smear or a culture of 
the cerebrospinal fluid failed to disclose any micro-organisms ; 
however, the clinical findings and the changes in the cerebro- 
spinal fluid were definitely indicative of meningitis. In 30, 
or 43 per cent, of the entire series of 70 cases, suppuration of 
the apex of the petrous portion of the temporal bone was 
associated with meningitis. In two cases, there was evidence 
that petrositis had remained dormant for 18 months, and in 
another case for as long as 10 years. 


Group 1: Fulminating meningitis associated with acute 
otitis media was present in 10 of the 46 cases in this group. 
No specific treatment was attempted other than spinal drain- 
age. All 10 of these patients failed to recover. 


In seven cases, otitic meningitis occurred subsequent to 
mastoidectomy for acute or chronic disease of the temporal 
bone. All of these seven patients failed to recover. Two of 
these patients suffered from chronic suppurative mastoiditis 
and possible labyrinthitis with complete nerve deafness and 
nonreacting labyrinths on the side of the diseased temporal 
bone. There is no doubt that a history of previous suppura- 
tive labyrinthitis increases the operative risk in such cases. 
In three of these seven cases, meningitis developed after the 
appearance of symptoms of petrositis subsequent to mastoid- 
ectomy. Exploratory operation was performed in two of the 
three cases. In the remaining two cases, one patient suffered 
from adhesions of both the aqueduct of Sylvius and the 
arachnoid and ventricular meninges; in the other case, ery- 
sipelas developed postoperatively. 

Otitic meningitis diagnosed preoperatively, that is, before 
mastoidectomy, occurred in nine cases. Hemolytic strepto- 
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cocci were cultured from the spinal fluid of six of these cases, 
pneumococci, type III, in two cases, and pneumococci, type I. 
in one case. In the last case, antipneumococcic serum was 
without demonstrable benefit. Two patients recovered. 


In 20 cases, examination disclosed increased pressure of the 
cerebrospinal fluid, leucocytosis and neurologic signs of men- 
ingitis; however, micro-organisms could not be demonstrated. 
In 12 of the 20 cases there was evidence of petrositis and 
surgical drainage of the apex of the petrous pyramid was 
obtained by intracapsular exploration or by the Eagleton or 
Ramadier technique. The leucocyte count of the cerebro- 
spinal fluid in five of these cases ranged from 200 to 6,000 
per cmm. All of five patients recovered. In seven cases the 
cerebrospinal fluid contained less than 100 polymorphonuclear 
leucocytes per cmm. of spinal fluid. In five of the seven cases 
the patients recovered; otitic hydrocephalus developed in two 
cases but was relieved by spinal puncture. In the other two 
cases the patients died. In the remaining eight of the 20 
cases mastoidectomy was performed. Four of the patients 
recovered ; one died of a cerebellar abscess, two of postopera- 
tive thrombosis of the cavernous sinus, and a fourth of a 
subdural abscess over the anterior surface of the cerebellum. 


In the cases in Group 1, there were 16 recoveries and 30 
deaths, a recovery rate of 35 per cent. In other words, before 
the advent of chemotherapy, a patient with meningitis had 
approximately three chances out of 10 for recovery. It is of 
some significance that the best recovery rate (nearly 75 per 
cent) was observed in the group of 20 cases in which emer- 
gency mastoidectomy was performed and the focus of infec- 
tion in the temporal bone eliminated before organisms invaded 
the arachnoid sac. Definite clinical evidence of meningitis 
was present in all of these cases although cultures of the 
spinal fluid were not obtained or were negative. 


Group 2: In the five years during which sulfamido therapy 
has been available, only 24 patients suffering from otitic 
meningitis have been seen at the Clinic. This is especiallv 
significant because it represents a 48 per cent reduction in 
the number of these cases over a previous period of the same 
duration. Its significance becomes more striking in view of 
the fact that there was an actual increase during this same 
interval in the number of hospitalized patients treated for 
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diseases of fhe middle ear and sinuses. This increase in the 
number of patients was approximately 23 per cent. The pos- 
sibility of variation in virulence of infection must be consid- 
ered. On the other hand, the most likely explanation of this 
remarkable change is the fact that the routine use of sul- 
fonamides has prevented the development of meningitis. 


Fulminating meningitis occurred in six of the 24 cases. 
Four of the six patients died and two recovered. In two cases 
the meningitis developed postoperatively and in both there 
was an associated apical petrositis. These cases were seen 
early during our experience with chemotherapy and illustrate 
the danger of inadequate amounts of treatment. Treatment 
with azosulfamide after intracapsular exploration of the apex 
of the petrous portion of the temporal bone produced a very 
satisfactory immediate postoperative result in one case. 
Administration of the drug was stopped and the patient dis- 
missed from the hospital on the eighth postoperative day. 
Two days later he was readmitted with evidence of fulminat- 
ing meningitis, as well as a hemolytic streptococcal septi- 
cemia, from which he failed to recover. One patient died 
following exploration of the petrous pyramid for the same 
reason; namely, inadequate administration of sulfanilamide 
preoperatively and postoperatively. Another patient, who 
had fulminating meningitis due to Diplococcus pneumoniae, 
type III, recovered following the use of drainage and chemo- 
therapy. Two patients died of fulminating meningitis due to 
Diplococcus pneumoniae, type III, within 12 hours after the 
onset of symptoms. In these cases chemotherapy was inade- 
quate. In one case the disease was associated with Diplococ- 
cus pneumoniae, type I, which was recovered from the blood 
as well as the spinal fluid. After adequate treatment with 
sodium sulfapyridine, recovery occurred. 


In three cases, otitic meningitis developed after mastoid- 
ectomy. In two of these cases petrositis was present. Two 
of the patients died. One of these patients had a type I pneu- 
mococcic infection of the blood, as well as the spinal fluid. 
Inadequate chemotherapy was used. In the other case in 
which death occurred, the infection in the cerebrospinal fluid 
was due to the Hemophilus influenzae. Inadequate amounts 
of sulfapyridine were administered. This organism, as a 
rule, however, responds favorably to sulfonamide therapy. In 
the third case the offending organism was Diplococcus pneu- 














WILLIAMS, ET AL.: OTITIC MENINGITIS. 863 


moniae, type I. In spite of the presence of petrositis and a 
severe diabetes, the patient recovered after prolonged use of 
sulfapyridine, without the necessity of operation. 


In 11 cases, otitic meningitis was diagnosed preoperatively, 
and the treatment consisted of chemotherapy and surgical 
drainage of the focus of infection in the temporal bone. 
Hemolytic streptococcus was the causative agent in six of 
these cases. Diplococcus pneumoniae was the causative agent 
in four cases (group E in one case and type III in one case; 
type not determined in two cases). Green-producing strepto- 
cocci were present in one case. Two patients suffering from 
the pneumococcic infections recovered; the other two died. In 
four of the six cases in which the meningitis was due to 
hemolytic streptococci, the patients recovered after adequate 
chemotherapy and surgical treatment. Two patients failed to 
recover. In the case in which green-producing streptococci 
were present, the patient failed to survive in spite of the 
maintenance of high concentrations of sulfapyridine and sur- 
gical treatment of an apical petrositis associated with epi- 
dural abscesses over the anterior and posterior aspects of the 
petrous pyramid. 


In four of the 24 cases in Group 2, the patients had definite 
meningitis but culture of the cerebrospinal fluid was negative. 
In two of these cases the patients died; one died of thrombo- 
phlebitis of the cavernous sinus, the other of cerebrospinal 
meningitis; in both, organisms were cultured from material 
taken from temporosphenoidal abscesses. In two of the four 
cases, the patients recovered following intracapsular explora- 
tion and drainage of the petrous apex combined with ade- 
quate chemotherapy before and after operation. In these two 
cases, in which the treatment was adequate, the concentra- 
tion of the drug in the blood ranged between 10 and 20 mg. 
per 100 cc. The importance of a high concentration of the 
drug in the blood in these cases, as well as the preoperative 
use of chemotherapy, when possible, as well as the postopera- 
tive use of chemotherapy, cannot be overemphasized. 


An analysis of the recovery rates in the cases of Group 2 
is shown in Table 1. On examination of the table it appears 
that 11 of 24 patients recovered and that 13 died. The recov- 
ery rate would, therefore, be 46 per cent for the whole group, 
which is an improvement over the recovery rate of 35 per 
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cent in the control group. This, however, is not the answer 
with regard to the advantage of chemotherapy. In four of 
the cases in Group 2 chemotherapy was used entirely too late, 
and in four cases the amounts given were entirely inadequate. 
It appears, therefore, that only 16 of the 24 patients received 
adequate chemotherapy and that 11 of them survived. This 
represents a recovery rate of 69 per cent. One must, there- 
fore, conclude that when patients are adequately treated with 
chemotherapy in combination with surgical drainage of the 
focus of infection, the recovery rate in this rather serious 
disease has been practically doubled in the last five years. 
The improvement must be explained on the basis of chemo- 
therapy because the surgical methods have changed little, if 
any. It is interesting to note that of nine patients with posi- 
tive smears and cultures of the cerebrospinal fluid who were 
treated surgically but did not receive chemotherapy only two 
recovered. On the other hand, of 14 patients with positive 
smears or cultures of the cerebrospinal fluid who received 
sulfamido and surgical therapy, eight recovered. Our experi- 
ence suggests that when the Diplococcus pneumoniae is 
obtained from the cerebrospinal fluid, surgical drainage of 
the primary focus of infection in the temporal bone must be 
instituted early, because the formation of secondary foci in 
the meninges makes successful sulfonamide therapy difficult 
or impossible. In most cases in which hemolytic streptococci 
are found in the spinal fluid, the patients will recover after 
elimination of the focus of infection in the temporal bone 
combined with adequate chemotherapy. Temporizing appears 
not so dangerous in cases in which this organism is the etio- 
logic agent. 

Four cases in which meningitis developed a month or more 
after an apparent cure of otitis media with sulfonamide ther- 
apy illustrate the “masking effect” of such therapy. In three 
of these cases the doses of the sulfonamide drugs were inade- 
quate, a very undesirable occurrence; however, the condition 


developed in one case in which the dose could be considered 
adequate. 


The reduction by half, since the introduction of sulfamido 
therapy, of the number of patients suffering from meningitis 
is of considerable interest. It is difficult to discover whether 
this numerical reduction is due to diminution in the virulence 
in local epidemics of otitis media or to its prevention by the 
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widespread use of sulfamido therapy in the more severe infec- 
tions of the upper part of the respiratory tract. We are 
inclined to favor the latter hypothesis since there has also 
been a very significant diminution in the incidence of acute 
otitis media during the same period. 


SUMMARY. 


An attempt has been made to review the published material 
upon which our present knowledge of otitic meningitis is 
based. The review attempts to summarize the factors con- 
cerned with etiology, pathogenesis and classification of men- 
ingitis associated with or following suppurative disease of 
the ear. 


In general, the treatment of otitic meningitis may be divided 
into three major procedures. The first concerns spinal drain- 
age. Repeated lumbar puncture, frequently enough to main- 
tain pressure of the spinal fluid at a nearly normal value, 
has been entirely satisfactory in our hands. Occasionally, 
ventricular puncture with drainage may be a lifesaving pro- 
cedure. Surgical eradication of the primary focus of infec- 
tion is another procedure of great value in our hands. An 
attempt has been made to formulate an opinion concerning 
the type of procedure of choice, as well as the optimal time 
of operation. Whenever possible, chemotherapy is advocated 
in conjunction with the surgical procedures. Best results are 
experienced when the sulfonamido drugs are used preopera- 
tively, as well as postoperatively. The use of sulfonamide has 
given to the otologist the third line of attack. 


In order to evaluate the possible advance in the manage- 
ment of otitic meningitis since the introduction of chemo- 
therapy, clinical material at the Clinic seen over a 10-year 
period forms the basis for the present study. In the series 
of cases observed during the last five years, chemotherapy 
was used in addition to necessary surgical treatment. The 
results in this group are compared with those obtained in a 
similar five-year period prior to the introduction of chemo- 
therapy, when treatment consiste¢ of the same type of surgi- 
cal procedures without chemutherapy. 


In spite of an increase, during the years of chemotherapy, 
by nearly 25 per cent in the number of patients hospitalized 
for diseases of the middle ear, and sinuses, the incidence of 
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otitic meningitis has decreased by 48 per cent. This repre- 
sents a decrease in the incidence of otitic meningitis by 
approximately a half as compared with the incidence in the 
five-year period preceding the introduction of chemotherapy. 


The recovery rate in the five-year period before the intro- 
duction of chemotherapy was 35 per cent. In other words, a 
patient suffering from otitic meningitis had only three or 
four chances out of 10 to recover. In the group of patients 
who received adequate chemotherapy in addition to the indi- 
cated and previously employed surgical procedures, the recov- 
ery rate has been nearly doubled (69 per cent). In other 
words, instead of three or four chances out of 10 to recover 
from this rather serious disease, a patient now has nearly 
seven chances. 


No attempt is made to disregard the fundamental princi- 
ples of otology, well established through years of experience, 
and at the same time to advocate the use of chemotherapy 
alone. Its use in adequate amounts with the maintenance of 
adequate concentrations in the blood in overwhelming sepsis 
of any type is perhaps the greatest single factor in the suc- 
cessful management of otitic meningitis. 


TABLE 1. RESULTS OF TREATMENT OF OTITIC MENINGITIS 
BEFORE AND AFTER THE INTRODUCTION OF 


CHEMOTHERAPY. : ; 

- Group 1* ok a Group 27 
Recovered Recovered 
Num- Per Num- Per 
Otitic Meningitis Cases ber Cent Cases ber Cent 
Fulminating .................... 10 0 wee 6 2 33 
Postoperative .................. 7 0 ida 3 1 33 
Preoperative  .................. 9 2 22 11 6 55 
Diagnosed clinically -..... 20 14 70 4 2 50 
EL eee 46 16 35 24 11 46 
Adequate chemotherapy a asin 16 11 69 





*Includes 46 cases observed before the introduction of chemotherapy. 
tIncludes 24 cases in which chemotherapy was employed. 
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EXPERIMENTAL OBSERVATIONS ON AUDITORY 
MASKING.*+ 


Dr. H. G. KoBRAK, Dr. J. R. LINDSAY and Dr. H. B. PERLMAN, 
Chicago. 


INTRODUCTION. 


Acoustic reflexes offer a method of objective functional 
tests both in the animal and in the human. While the hearing 
sensation involves the peripheral sense organ as well as higher 
centers, the acoustic reflex of the muscles of the middle ear 
is independent of the cortex. In this paper an attempt is 
made to analyze the complex phenomenon of auditory mask- 
ing by comparison between hearing sensations and reflex 
responses. It seems that our knowledge on hearing can be 
improved if we are able to distinguish more clearly between 
the mechanical processes in the cochlea which produce the 
acoustic nerve stimulus and auditory phenomena originating 
in higher centers of the nervous system. 


Masking can be defined as the raising of the threshold of 
hearing due to the presence of a second tone. The measure 
of masking is the number of decibels that the threshold of 
the masked sound is elevated in consequence of the effect of 
the masking tone. Similarly we search for any interference 
with the threshold of the tensor reflex by a second sound. 


The usefulness of the tensor tympani reflex in auditory 
experimentation has been described in a previous paper.’ 
Compared to other much more elaborate methods, the reflex 
observations are extremely simple; the threshold is clearly 
determinable; the experimental error in threshold reading is 
less than 5 deb. among trained observers. Over-threshold de- 
terminations are feasible. The threshold of the middle ear 
muscle reflex is not to be identified with the threshold of 
hearing. However, the reflex threshold runs parallel to the 
hearing sensation. The greatest advantage of the method 
consists in the fact that the reflex can be observed in the 
human. Therefore, direct comparisons between subjective 


*From the Division of Otolaryngology of the University of Chicago. 

+This work was aided in part from a grant from the Douglas Smith Foun- 
dation for Medica] Research. 

Editor’s Note: This ms. received in Laryngoscope Office and accepted for 
publication, Aug. 31, 1942. 
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hearing sensation and objective reflex response can be carried 
out on patients. 


METHODS AND RESULTS. 

The experiments were partly carried out in the laboratory 
of the clinics. These rooms possess no special provision for 
reducing the noise background. The other part of the experi- 
ments was conducted in the hearing test room of the clinics. 


Two sound producing systems were used. The primary 
tone originated in a 2A Western Electric audiometer and 











Fig. 1. Rabbit in urethane anesthesia. Threshold of the tensor contrac- 
tions due to air conduction under normal conditions and under air con- 
ducted masking tones. Frequency of masking tone, 256. The masking tone 
produces a threshold contraction of the tensor at an intensity of +50 dcb. 
The solid line indicates the tensor threshold without masking, the second 
solid line, which in the higher frequencies coincides with the former, indi- 
cates the tensor contractions under the same arrangement but with an air 
conducted masking tone of 44 dcb. intensity. The broken line indicates the 
tensor contractions under the influence of a masking tone of 56 dcb. 
intensity. 

Note: While the masking tone is 6 dcb. lower than the threshold for the 
tensor contraction, there is no appreciable change in the tensor contrac- 
tions. If the masking tone is 6 dcb. above the tensor threshold, the tensor 
is in a prolonged state of contraction. The threshold for superimposed con- 
tractions is definitely higher. 


was amplified and broadcasted by a loud speaker. Hearing 
curves and acoustic reflex response were taken in the typical 
way as threshold values for each frequency. The masking 
sound was given either as a pure tone or as a noise. The 
masking tone was produced by a second oscillator. Masking 
noises produced by Barany noise box, running water, etc. 
Rabbits were used as experimental animals. Under light 
urethane anesthesia the right bulla ossea was exposed from 
its ventral side and opened. Thus the tensor and stapedius 
muscles are open to inspection and functional tests can be 
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made. The normal threshold contractions were determined 
first. Then the same curve was taken in the presence of a 
masking tone. 


Fig. 1 shows the normal threshold contractions of the tensor 
tympani muscle of a young rabbit. After the determination 
of the normal threshold curve, a masking tone was sounded. 
The frequency of the masking tone was 256 d.v. and the 
intensity was varied. First, a curve was taken with a mask- 
ing tone of 44 deb. This intensity was 6 dcb. below the 
threshold of the tensor tympani. The curve shows no appre- 
ciable change of the auditory reflex due to the addition of the 





Fig. 2. Hearing sensation of a normal human in air conduction. Masking 
in air conduction. Curve taken at the end of the animal experiment, as 
demonstrated in Fig. 1. The same frequencies as well as the same masking 
tone were tested on a human being. The solid line indicates the threshold 
of the hearing sensation under normal conditions, the broken line indicates 
the threshold of hearing sensation with the masking tone 256 at 44 dcb. 
intensity. 

Note: There is a definite change of the hearing sensation due to the 
masking tone. The same masking tone was ineffective as to the tensor 
reflex of the rabbit. 


masking tone. There was, however, an alteration in the 
threshold when a masking tone was selected which was above 
the tensor threshold. The broken line demonstrates the tensor 


curve in the presence of a secondary tone of 56 dcb.; that is, 
a tone about 6 dcb. above the normal tensor threshold. 


At the end of the animal experiment a normal human being 
was treated under identical experimental conditions. The 
same masking tone was used. From Fig. 2 it is evident that 
the threshold of hearing sensation was definitely raised by 
the acoustic stimulus which was without effect in the case of 
the tensor tympani reaction. 
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The next group of experiments deals with observation on 
persons with normal hearing. As a typical example, the 
hearing curve of a person is given who first was tested for 
the normal threshold (see Fig. 3, solid line) and then for his 
hearing under the influence of a masking tone (see Fig. 3, 
broken line). The threshold of hearing sensation is typically 
raised. The pitch of the masking tone is shown as a deep 
dip in the curve. The first octave above shows additional 
strong masking effect, while the more remote frequencies are 
only slightly altered. Furthermore, it is apparent in the 
curve that the masking effect influences the frequencies above 
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Fig. 3. Solid line indicates threshold of hearing sensation of a normal 
human by air conduction. Broken line represents threshold in the presence 
of a masking tone. The frequency of the masking tone is 256 d.v., the intens- 
ity is 70 deb. 
Note: Hearing dip most outspoken at 256 and one octave above. Hardly 


any masking effect below frequency of masking tone. 


the masking tone more than those below. The curve shows 
the masking effect one octave below the frequency of the 
masking tone to be only 14 deb. On the other hand, two 
octaves above the masking frequency the threshold is altered 
31 deb. by the masking tone. 


During recent years we have seen a number of patients in 
whom the stapedius tendon was visible. Through a perfora- 
tion of the eardrum or through an adherent scar, the move- 
ments of the tendon have been observed and threshold deter- 
minations of the smallest visible stapedius contraction have 
been used as an objective test of cochlear function. 
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Fig. 4 shows the curve of patient R. W., who had a fairly 
normal hearing curve (solid line). For three frequencies 
(512, 1,024 and 2,048) the stapedius threshold was deter- 
mined (dotted line). A masking tone was then applied. This 
resulted in a definite deep gap in the hearing threshold (brok- 
en line) ; however, the stapedius threshold was unchanged. 

The same conditions were found in bone conduction. There 
is an outspoken lowering of the curve which is greatest at 
the frequency of the masking tone. There is no change in 
the threshold of the stapedius contractions due to masking. 


HEARING LOSS (SENSATION UNITS) 


TOTAL LOSS OF SERVICEABLE HEARING 





6 32 64 128 256 S12 1024 2048 4096 8192 16384 
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Fig. 4. Mr. R. W. Hearing sensation and stapedius contractions in air 
conduction. The solid line indicates the hearing sensation of the right ear. 
The broken line indicates the hearing sensation under the same arrange- 
ment but with an air conducted masking tone. The frequency of the mask- 
ing tone is 1,024. The dotted line indicates the threshold of stapedius con- 
tractions due to air conducted sounds with and without masking 

Note the outspoken depression of the curve nearly confined to the pitch 
of the masking tone. There is no change in the stapedius contractions due 


to masking. The stapedius threshold remains parallel to the unmasked 
hearing sensation curve. 


DISCUSSION. 


While the phenomenon of masking has been clearly estab- 
lished as a subjective auditory phenomenon, its analysis by 
objective methods has been exceedingly limited. Experimen- 
tal methods for detecting auditory function at various levels 
of the acoustic system are limited. The results of observation 
on the electrical phenomena associated with auditory function 
may be reviewed here. 

Cochlear microphonics do not exhibit the phenomenon of 
masking. Cochlear potentials arising from one tone are 
increased in amplitude by the addition of another tone.? In 
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other words, there is summation in the cochlear potential when 
there is more than one acoustic stimulus. If cochlear micro- 
phonics are to be considered an expression of vibration of 
the basilar membrane as in masking, the masking should be 
demonstrable in the cochlear potentials. This discrepancy 
between masking and the behavior of the cochlear potential 
is another factor preventing a direct translation of cochlear 
potentials to the cochlear functions producing audition. In 
striking contrast to the behavior of the cochlear microphonics 
is the behavior of the action potentials — picked up from the 
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Fig. 5. Mr. R. W. Hearing sensation and stapedius contractions in bone 
conduction. Solid line indicates threshold of hearing sensation with the 
receiver at the right mastoid process. The broken line indicates the hear- 
ing sensation under the same arrangement with an air conducted masking 
tone. Frequency of masking tone is 1,024. The dotted line indicates the 


threshold of the stapedius contractions due to bone conducted sound with 
and without masking. 


VIilIth nerve or the lateral lemniscus. A masking effect can 
be demonstrated in these action potentials.* This is particu- 
larly striking when using a click and a pure tone. A click 
produces a wave pattern of action potentials. A pure tone 
will reduce the amplitude of the waves (mask them). A low 
frequency sound will diminish the size of the latter compo- 
nents of the wave pattern; a high frequency, the earlier 
components. The wave pattern probably results from the 
activation of a number of single fibers having different latent 
periods. Similar wave patterns can be obtained from periph- 
eral nerves and masking effect demonstrated.‘ The wave pat- 
ern is here considered to be the result of simultaneous acti- 
vation of fibers, each having a different velocity of conduc- 
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tion, dependent on the diameter of the fiber. The fibers of 
the auditory nerve, however, are of uniform diameter accord- 
ing to De No.’ Hence the succession of waves in the action 
potentials in response to a click is considered to be the result 
of a succession of stimuli from the different frequencies in 
the click — arising from displacement of successive parts of 
the basilar membrane. The masking effect of the low fre- 
quency is due to interference with the potential arising from 
the low frequency component of the click, etc. This may be 
described as a competing of two stimuli for the same fiber. 
The psychological phenomenon of masking is thus considered 
as a “line busy” effect. The masking effect of one pure tone 
by another demonstrated by the nerve action currents is less 
striking. 


Acoustic stimulation of the cochlear nerve not only pro- 
duces action potentials but also causes a reflex contraction 
of the middle ear muscles. The reflex arc is composed of 
the lower portion of the acoustic system (spiral ganglion, 
primary cochlear nucleus, lateral lemniscus and superior 
Olive). We can study the effect of masking tones in this por- 
tion of the acoustic system by observing the reaction of the 
middle ear muscles. While the muscles are contracting for 
one tone (masking tone) another tone (the masked tone) of 
equal intensity will produce a superimposed contraction. This 
is true not only for different tones but for two tones of the 
same frequency produced by two oscillators. It appears, there- 
fore, that the locus of irritation inducing a reflex muscle 
contraction must be different from that responsible for psy- 
chological masking. Masking cannot be demonstrated in the 
reflex. These observations are not affected by the changed 
characteristics of transmission through the middle ear result- 
ing from the contracted middle ear muscles — as reported by 
Wiggers. Our observations on the human stapedius muscle 
indicate that all frequencies through the speech range can 
produce a reflex contraction at about 60 deb. over threshold. 
Furthermore, in paralysis of the stapedius, increased loud- 
ness is sensed for these frequencies beginning at about this 
level of intensity — the greatest effect probably at 512 cycles. 


This discrepancy between psychological masking and the 
reaction of the acoustic middle ear reflex suggests that mask- 
ing may be concerned primarily with the activity of the upper 
part of the acoustic system. Another explanation that may 
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be considered is based on the innervation and difference in 
sensitivity of the inner and outer hair cells.° Large numbers 
of outer hair cells are supplied by one fiber while only one 
inner hair cell is innervated by a single fiber. A stimulus 
large enough to stimulate a small number of the less sensitive 
inner hair cells may initiate the reflex contraction of the 
middle ear muscles. This stimulus may simultaneously affect 
the function of a much greater number of outer hair cells 
because of their collateral innervation. Perhaps psychological 
masking is an expression of this widespread effect in func- 
tion of the outer hair cells. Since the collateral fibers course 
towards the round window (towards the loci reacting to 
higher frequency), the greater masking effect of low fre- 
quencies over high may thus come about. The frequencies 
below that of the masking tone are more difficult to mask 
since the collateral fibers to the outer hair cells do not course 
in the direction of the cochlea reacting to low frequencies 
(apex). 

Whatever the explanation may be, our experiments help to 
emphasize the fact that psychological masking cannot be 
related to known physiological or physical phenomena in the 
acoustic system. 


Another observation’ that is in conflict with the belief that 
psychological masking is an expression of the vibration pat- 
tern of the basilar membrane is concerned with auditory 
fatigue. When a human subject is exposed to a tone of 64 
cycles at 100 deb. for one hour, no depression in threshold 
can be demonstrated a few minutes later. Yet the masking 
effect of the acoustic stimulus involves a wide band of the 
acoustic spectrum. When a subject is exposed for a similar 
period to a tone of 1,024 cycles of equal intensity — while the 
masking effect is profound and widespread — only a localized 
depression in threshold results (at the frequency of the fatigu- 
ing tone and an octave above). Hearing for 64, 128, 256, 512, 
4,096 and 8,192 cycles is not affected. Thus while the mask- 
ing power of this tone would indicate a widespread and great 
stimulation of the basilar membrane and end-organ, the 
fatiguing effect as tested by threshold changes reveals only a 
localized depression of function. 


SUMMARY. 
The influence of a masking tone on hearing sensation and 
the acoustic middle ear muscle reflex was studied. By com- 
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parison between the subjective masking effect with objective 
reflex observations on the muscles, the following results were 
obtained : 


1. The acoustic reflex of the tensor tympani muscle in the 
rabbit is unchanged in the presence of typical noise back- 
ground of a room. 


2. The acoustic reflex of the tensor tympani muscle in the 
rabbit remains unchanged when a masking tone is sounded 
which is below the tensor threshold. 


8. If the masking tone is above the tensor threshold the 
acoustic tensor contractions are superimposed on the tensor. 
The threshold is raised. 


4. The acoustic stapedius reflex in the human has been 
observed under influence of masking. Curves are presented 
which show the dip in the hearing sensation without demon- 
strating a change of the stapedius threshold. 


5. The absence of a masking effect on the reflex is inter- 
preted that masking originates outside the part of the acous- 
tic system in which hearing sensation and reflex response are 
together. Two possibilities are discussed. First is the pos- 
sibility that the masking effect originates in the central nerv- 
ous system above the level of the reflex or apart from the 
fibers of the reflex arc. A second possibility is that the mask- 
ing effect originates in a different part of the cochlea. The 
different innervation of outer and inner hair cells is discussed. 


6. From the experiments on the reflex contractions the con- 
clusion is drawn that the mechanical stimulation of the cochlea 
is undiminished in the presence of a masking tone. 


Since both reflex contractions and cochlear potentials are 
unchanged, the origin of masking is most likely not in the 
peripheral sense organ. 
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REVIEW OF METHODS USED FOR ESTIMATING 
PERCENTAGE LOSS OF HEARING.* 


HowArRD A. CARTER, B.S., Chicago. 


Finding a practical method for the estimation of loss of 
hearing in terms of percentage is a problem that specialists 
have worked on and talked about for many years, but on 
which they have failed to agree. Progress that bids fair to 
terminate in success has been made only recently. A method 
for estimating percentage loss of hearing is sorely needed by 
the members of the medical profession associated with insur- 
ance companies, compensation commissions, rehabilitation 
bureaus, disability adjustment boards and courts of law. 


Discussions with specialists in otology, acoustics and physics 
over a period of years have led the writer to the conclusion 
that a practical procedure for estimating percentage loss 
of useful hearing should fulfill certain requirements. The 
method, which is for use only in medicolegal or industrial 
cases, must be: 


1. Easily understood. 

2. Easily and quickly applied. 

3. Free of complicated mathematical calculations. 
4. Easily interpreted before any jury. 


5. Designed for both ears jointly considered as a single 
hearing component. 


6. Based on air conduction data obtained from standardized 
audiometers. 


7. Weighted to give preference to the frequency range of 
the spoken voice. 


8. Founded on the best available acoustical and clinical 
scientific evidence. 





*Read by invitation at the Seventy-fifth Annual Meeting of the American 
Otological Society, Inc., Atlantic City, May 28, 1942. 
Editor’s Note: This ms. received in Laryngoscope Office and accepted for 


publication, June 22, 1942. 
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A compensation case in which such a method is needed will 
involve on the one side a claimant who expects monetary 
remuneration for damages to his hearing, and on the other 
an employer who may be forced by law to pay for the dam- 
age. In the legal proceedings for such a case, the method 
deals only with one small but important part of the litigation; 
namely, determination of the functional percentage loss of 
hearing. The method used in making this determination 
should be stripped of unnecessary complications and designed 
for application to all individuals — lawyer or laborer, engi- 
neer or section man, prima donna or scrubwoman. Social and 
economic standing of the claimant should have no influence 
on this procedure; neither should the fact that a hearing aid 
will improve a deafened claimant’s ability to understand 
speech enter into the calculation. 


This method shall merely estimate percentage loss of hear- 
ing; the compensation finally allowed is determined by the 
court, through the usual legal methods. For example, assume 
that a piano-tuner and a carpenter are injured in a factory 
by the same cause and the data reveal the same computed 
percentage loss of hearing. It is reasonable to believe that 
the piano-tuner would be the more handicapped in earning a 
livelihood, the carpenter the less. The compensation paid to 
the two claimants would not be a matter for this method to 
decide. That difficult decision would be left to the court. 


This method of estimating percentage loss of hearing shall 
have accurate tools for collecting the data. Loss of hearing 
in decibels at several discrete frequencies may now be deter- 
mined on acceptable audiometers. Obviously it is important 
that a carefully adjusted, accurately built and correctly cali- 
brated audiometer be used. Preparation of an audiogram 
shall be done by a universally accepted and uniform tech- 
nique. Furthermore, this proposed procedure need not be 
founded on the acoustical characteristics of a totally deaf 
person, because from an industrial point of view a deafened 
individual who cannot understand instruction shouted loudly 
in the ear and in his native language is unable to get along 
efficiently on jobs requiring voice instruction. 


Sound travels through air at a velocity of approximatelv 
1,100 feet per second and in straight lines, if not interfered 
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with by some obstruction. In free spaces sound radiates i 
all directions, like the radiation from a point source of light. 
Its intensity diminishes inversely as the square of the dis- 
tance. In an enclosure, such as a room, sound is reflected and 
absorbed. Because of the unpredictability of the room sound 
characteristics, reflection, reinforcement and interference, 
and because the intensity of the examiners’ voices vary (in 
fact it varies in an individual examiner from day to day and 
hour to hour) the spoken voice would not meet the require- 
ments. The sound reaching one’s ears is almost entirely by 
air conduction, and bone conduction, if any, is negligible. 
Hence, bone conduction data are of no value in this specu- 
lative method. Naturally, bone conduction data are of impor- 
tance in diagnosis. 


Wounds or lacerations of the external ear, extent or inten- 
sity of tinnitus or disturbances of equilibrium are compensa- 
tion problems outside the scope of this procedure. 


Eleven methods will be described herein and they will be 
criticized in the light of the foregoing stipulations, which 
represent the opinions of the author only. A criticism that 
is applicable to all is the absolute lack of evidence scientifi- 
cally gathered to fix the combined loss of hearing of the two 
ears into one percentage figure for the individual. Whatever 
ratio is selected will be by common consent based on clinical 
evidence and common sense. For example, consider a person 
with total deafness in one ear and with normal hearing in 
the other. What is the combined percentage loss of hearing 
of the individual? A survey conducted by the Council on 
Physical Therapy revealed estimations by otologists ranging 
from 5 per cent to 50 per cent, and there was insufficient 
agreement to establish a trend of otological opinion. This 
ratio of the better to worse ear will have to be selected prob- 
ably by some other way than by a statistical approach or by 
a questionnaire. 


Those methods incorporating the audiometric data have a 
defect common to all — the lack of uniform agreement in the 
procedure employed by the examiner to determine loss in 
terms of decibels. 


When the audiometer is a part of the method for determin- 
ing hearing loss, explaining the meaning of a decibel to a 
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jury may be regarded as a major pedagogical effort for a 
technical witness. It is highly doubtful that the average juror 
will understand a scientific explanation of the decibel. If he 
does he is a rare person. The first four methods use the 
speaking voice almost exclusively. 


1. Army Method: Mobilization Physical Examination 
Standards, MR 1-9, 20-22, Aug. 21, 1940. 


The acuity of hearing is determined by low conversational 
voice test and by the audiometer when indicated. The regis- 
trant is placed facing at right angles to the assistant, 20 feet 
distant, with ear to be tested toward the assistant who 
directs the registrant to repeat promptly the words spoken. 
If the registrant cannot hear the words at 20 feet, the assist- 
ant approaches foot by foot, using the same tone.of voice, 
until the words are repeated correctly. Each ear is tested 
separately, closing the other ear by pressing the tragus firmly 
against the meatus. The examiner may himself act as the 
control. The acuity of hearing is expressed in a fraction, the 
denominator of which is the distance in feet at which the 
words are heard by the normal ear and the numerator the 
distance the registrant can actually hear; thus 20/20 indi- 
cates normal hearing, 10/20 partial hearing; that is, the reg- 
istrant hears at 10 feet distance the words a normal ear hears 
at 20 feet. Class IA(a) is considered normal hearing and 
Class IA(b) when hearing in each ear is 10/20 or better, 
Class IB between 10/20 to 5/20. In certain instances an audi- 
ometer is used to confirm the conversational test. 


Comment: This is a simple, workable method, easy to 
understand, and should not be hard to interpret. before a jury. 
It is not necessarily time-consuming. The spoken voice is 
used, which of course is variable and constitutes a source of 
error. The army does not claim the purpose of this method 
to be a determination of the percentage loss of hearing. A 
ratio of the distance the patient can hear to the distance the 
patient, if normal, should hear is the result. This method, 
although extremely useful, would not meet the qualifications 


outlined above because it is not designed for estimating per- 
centage loss. 


2. Navy Method: Physical Examinations for the Medical 
Department of the U. S. Navy: Manual, 1938. 
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The acuity of hearing for applicant in the Navy is deter- 
mined by the voice test and in some instances by the ticking 
watch method. The applicant is placed with his ear to be 
tested opposite the assistant, 15 feet distant, and he is 
directed to repeat promptly the words whispered by the 
assistant. If the applicant cannot hear the words at 15 feet 
the assistant approaches foot by foot, using the same tone of 
voice, until the words are repeated correctly. Each ear is 
examined separately, closing the other by pressing the tragus 
firmly against the meatus. The acuity of hearing is expressed 
by a fraction, the numerator indicating the distance in feet 
at which the words are heard and the denominator the dis- 
tance the normal ear hears them, thus 15/15 indicates normal 
hearing, 10/15 of partial hearing to the degree indicated by 
the fraction. The watch with the constant ticking strength 
may be used. The acuity of hearing is expressed as a frac- 
tion, of which the numerator is the distance in inches the 
ticking of the watch is heard, the denominator 40 (inches), 
the normal ear should hear it. 


Comment: The same advantages and disadvantages may 
be assigned to this method as to the Army method. Estima- 
tion of the percentage loss of hearing is not claimed by the 
Navy for this method and, therefore, it would not fulfill the 
proposed requirements. 


3. Veterans Administration Method: Manual for Medical 
Examiners of the Veterans Administration. January, 1940. 


The acuity of hearing is determined by the voice test and 
checked by the audiometer when it is available. The claimant 
is seated at right angles to the examiner so that the sound 
impinges upon the ear being tested and so the examiner’s lips 
cannot be read. Distances of one, two, five, 10, 15 and 20 
feet are used, the examiner using whispers first and then an 
even conversational voice. Supplementing these tests are the 
determination of bone conduction, using the tuning forks. 


Comment: The same advantage and disadvantages may be 
assigned to this method as to the Army and Navy Methods. 
Since the Veterans Administration makes no claim to deter- 
mine percentage loss of hearing using this method, it would 
not fulfill the requirements. 
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4. Conversational Voice Method: Accidental Injuries, by 
Dr. Henry H. Kessler. 


Kessler suggests a method and table by which hearing may 
be tested and loss percentage estimated. The patient listens 
to the conversational voice at a specified distance with one 
ear closed and with his back toward the examiner. For rating 
disabilities, maximum of normal hearing is regarded as 20/40 
(hearing of conversational voice at 20 feet). The total loss 
of bone conduction sound is considered total deafness. Kess- 
ler found that the schedules of most States allowed on the 
average 40 per cent permanent disability for complete deaf- 
ness. If a person could hear conversational voice at a dis- 
tance of 20 feet with both ears he was considered to have no 
hearing loss. If, on the other hand, the examiner had to draw 


Taste 45 
No hearing 
py eh 140 «64540 «1040 20/0 
conduction, pers pers pers per 
Each ear per cent per cent cont cent cent cent 
No hearing with loss of bone con- 
duction . iia ‘NS. 35 30 25 20 10 
No hearing with bone conduction . 35 30 25 20 15 10 
Spoken voice: 
ee ee ee ee 30 25 20 15 12 7 
et. *e - 0", 6 a aw me Ne 25 20 15 12 8 5 
aaa 20 15 12 10 7 5 
ee a 10 10 7 5 5 0 
Fig. 1. Kessler’s Table. Based on the fact that schedules of most States 
allow an average of about 40 per cent total terminal disability for complete 
deafness. Accidental Injuries, by Kessler, p. 503. 


Lea and Febiger. 


as near as one foot for the examiner to hear conversational 
voice in each, it was estimated at 20 per cent loss of hearing 
and a total loss of conduction hearing was regarded as 40 per 
cent loss of hearing (see Fig. 1). 


Comment: As Kessler points out this as well as other simi- 
lar methods could not be accurately controlled under all con- 
ditions, all being dependent on the objective determination of 
the examiner. As in the aforementioned methods, conversa- 
tional voice is used as a means of obtaining the hearing loss 
data and hence is subject to variations from day to day and 
from person to person. How the table was compiled is not 
explained, but doubtless it is based on clinical evidence and 
experience of court decisions. The method is simple to work 
out but the basic principle is difficult to understand. The 
method would not fulfill the stipulations mentioned at the 
beginning of this paper. 
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The following methods employ the audiometer in one way 
or another: It is assumed in the discussions that a judge or 
a juror will have some notion regarding the meaning of a 
decibel and will know that an audiometer measures hearing 
loss in sound units. 


5. The Western Electric Method: Speech and Hearing, by 
Fletcher. 


The audiometer is used in this method for collecting hear- 
ing loss data in decibels and converting them into percentage 
loss of speech. The average dcb. loss for 512, 1,024 and 2,048 
is multiplied by a factor 0.8 to obtain the percentage figure. 


Comment: Assuming the meaning of a decibel is known, 
and the make-up of the audiometer is clearly understood, this 
method is extremely simple to understand, to work out and 
to explain. It deals with but one ear at a time and does not 
consider a joint percentage figure for the two ears. It does 
not fulfill the author’s stipulated requirements for what is 
believed to be a practical method. 


6. Maico Method: The audiogram charts designed by the 
Maico Co. contain five curves representing 20, 40, 60, 80 and 
100 per cent. Each point on the curve is based on the data 
as obtained by working out the average deb. loss 512, 1,024 
and 2,048 and multiplying the average by the factor 0.8. 


Comment: The same criticisms apply to this method as to 
the Western Electric method, and it would not be regarded as 
meeting the qualifications as suggested. 


7. Sonotone Method: The audiogram chart contains a 
series of curves marked 80 per cent, 60 per cent, 40 per cent, 
20 per cent and 0 per cent. Their meaning, however, is exactly 
opposite to Method 5; that is, each percentage figure means 
per cent of hearing instead of per cent of loss. Points on the 
curves are determined by calculating the average dcb. loss at 
512, 1,024 and 2,048, multiplying by the factor 0.8. This 
number is subtracted from 100 per cent. The objections and 
advantages raised to the two aforementioned methods apply 
to this one. Since it does not consider two ears to obtain the 
joint per cent loss of acuity of hearing, it would not meet the 
stipulated requirements. 
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8. Kenny Method: W. Va. Med. Jour., 37:10:448, Oct., 
1941. 


This method is a combination of whisper and audiometric 
tests. The deb. losses at 128, 256, 512, 1,024, 2,048 and 4,096 
cycles per second as determined by the audiometer are called 
the pure tone audiometer readings. The reading for the whis- 
per voice test is obtained by whispering through a micro- 
phone connected to the audiometer through an intensity rheo- 
stat. The rheostat is calibrated and the reading obtained 
becomes part of the data. An average of the deb. loss for the 
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six frequencies is multiplied by the factor 1.2. This average 
audiometric reading is added to the whisper voice loss, as 
read on the rheostat and once again the two numbers are 
averaged. The result is the percentage loss for one ear. It is 


estimated that 100 deb. loss to whisper voice is total loss of 
hearing. 


Comment: This method uses the whisper test, which will 
vary in individuals. Also there is no standard method of cali- 
brating a whisper through an amplifier and rheostat. The 
method of procedure would not be very difficult to explain to 
a jury, but it is somewhat doubtful that each step in its devel- 
opment would be clearly understood. Since there is no way 
of combining the hearing losses of the two ears to a joint 
percentage figure, the method would not meet the require- 
ments. 
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9. Fowler Method: Estimating the Percentage of Disabil- 
ity from Deafness in Adults. Nelson’s Loose-Leaf Medicine of 
the Ear, p. 419. 


Fowler’s method utilizes the audiometer for obtaining hear- 
ing loss data. A chart (see Fig. 2) is the foundation of the 
method. Dr. Fowler writes as follows: 


“Disability rating should be based on air and bone conduc- 
tion losses combined (at the five frequencies most useful in 
speech: 256, 512, 1,024, 2,048 and 4,096). If this is done, the 
average loss is obtained by dividing the total by 10 (or more 
simply by canceling the last digit). 


“The percentage losses in tne better ear are indicated along 
the horizontal lines. The percentage losses in the worse ear 
are indicated along the vertical lines. The total percentage 
of disability will be the figure located at the point where the 
vertical line and the horizontal line cross.” 


Comment: This method is extremely simple for the oper- 
ator to work out and arrive at an answer. It takes into 
account the loss of hearing for two ears and the answer is 
a combined result; however, it might be difficult to explain 
before a jury how the percentage figures have been deter- 
mined. 


To obtain the combined deb. loss for the worse and for the 
better ear (ordinate and abscissa of chart), both air and bone 
conduction audiometric readings are averaged. Although ways 
and means have been developed for standardizing air conduc- 
tion receivers, thus far no universally acceptable method has 
been devised for standardizing the bone conduction receiver 
of an audiometer. This method, therefore, opens itself to criti- 
cism because bone conduction data are used. It would not 
meet the requirements set up at the outset of this paper 
because bone conduction has not been standardized and there 
is no simple step by step explanation on how the percentage 
figures in the chart were determined. 


10. Fowler Method: Jour. Acous. Soc. Am., April, 1942, 
p. 373, A Method for Measuring the Percentage of Capacity 
for Hearing Speech. 
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A standardized audiometer is used for determining the 
hearing loss data in deb. For each ear multiply the figure 
indicating the deb. threshold loss by the weighting figures for 
each frequency; that is, for 512, 15 per cent; 1,024, 30 per 
cent; 2,048, 40 per cent; and 4,096, 15 per cent. Add the 
products and divide by 100. This result is the weighted deci- 
bel loss when there is no nerve deafness. If the bone conduc- 
tion loss is 15 deb., subtract 6 [the recruitment factor (R. F.)] 
from the threshold A. C. loss, before multiplying by the 
weighting figure indicated above at each frequency. For each 
5 dcb. loss more than 15 from nerve deafness (or from 
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Jour. Acous. Soc. Am., 13:4:357, April, 


obstructive deafness) deduct 1 deb. less (for the recruitment 
factor) before multiplying by the weighting figure at each 
frequency. Add the adjusted products and divide by 100. 
This will give the total weighted dcb. loss. 


The percentage loss of acuity of hearing for the individual 
is determined, as in the preceding method; that is, dropping 
a vertical line from the figure representing the weighted dcb. 
loss in the better ear and drawing a horizontal line from the 
figure representing the weighted dcb. loss in the worse ear 
(see Fig. 3). Where the lines intersect, the percentage loss 


of capacity for hearing speech is found. (This chart is dif- 
ferent from Fig. 2.) 


Comment: One less frequency is used in this method than 
in the aforementioned one; namely, 256 cycles per second, 
and the four frequencies are weighted according to their value 
in hearing speech. Since bone conduction data are employed, 
the same criticism is made for this method as for the preced- 
ing one. The evidence to subtantiate the selection of the per- 
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centage numbers used in the chart is not clearly defined. This 
method would not meet the proposed requirements. 


11. Sabine Method: Trans. Am. Acad. Ophthal. and Oto- 
laryngol., April, 1942, On Estimating the Percentage Loss of 
Useful Hearing. 


This method utilizes an audiometer for collecting the hear- 
ing loss air conduction data, for the better and the worse ear. 
These data are recorded on a specially prepared audiometric 
chart in the conventional manner, which is very much like 
the audiogram chart used in standard practice. The chart 
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Fig. 4. Sabine’s Table for computing loss of useful Peortne. Trans. Am. 
aaa Ophthal. and Otolaryngol, p. 186, March-April, 19 


itself is ruled off into small rectangles, having boundaries on 
the horizontal lines at 128, 256, 512, 1,024, 2,048 and 4,096 
cycles per second. The vertical boundaries are the lines rep- 
resenting 10 dcb. steps (see Fig. 4). Each little rectangie 
has a number in it which represents the weighted per cent of 
loss for a corresponding region in the sound spectrum. The 
computed loss of useful hearing for the right ear, for exam- 
ple, is determined by adding the numbers in the rectangles in 
the columns immediately above the audiogram curve and the 
sum represents the percentage weighted loss in the region 
between the two octave frequencies. The same is done for the 
five columns; that is, between 256 and 512; 512 and 1,024, 
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etc. The same process is repeated for the left ear. To obtain 
the combined per cent of loss of hearing the total per cent of 


loss of the worse ear is added to one-eighth of the loss of the 
better ear. 


Comment: This method comes nearer to meeting the re- 
quirements as proposed at the outset of this paper than any 
other method published. It is simple to work out and requires 
but a few minutes for computations. Each step in its devel- 
opment is predicated on some definite scientific fact already 
published and accepted. The chart that is used is similar to 
the standard audiogram chart and hence falls into line with 
general otological practice. Its percentage values are weighted 
both as to frequency and as to intensity for the frequencies 
considered necessary for understanding speech. Explaining 
the development of the scientific and technical aspects of this 
method, step by step, to a juror might not be so simple, but 
he should not have any difficulty in understanding how it is 
used. The weighting value of the better ear to the worse is 
placed at one-eighth. There may be those who would question 


this weighting but to date no one has yet suggested a better 
factor. 


There may be other methods but these will suffice. Any 
method that is submitted to the otological profession as a 
whole will undoubtedly be subject to considerable criticism 


and rightly so. The method, if sound, should stand up under 
critical examination. 


Conclusion: Requirements for a practical method to esti- 
mate percentage of loss of hearing have been presented and 
11 methods for determining and recording hearing loss have 
been reviewed. The speculative outline is limited to medico- 


legal or industrial cases only and is not intended for diagnos- 
tic purposes. 


535 North Dearborn Street. 
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THE PHARYNX AND PHARYNGEAL SURGERY 
FOR 1941.* 


Dr. FRANCIS E. LEJEUNE and Capt. PHILIP J. BAYON, M.C., 
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New Orleans. 


ANATOMY. 


Hall' has given an excellent explanation to the “what and 
why” of the pharyngomaxillary space. The anatomy of this 
area in the upper part of the neck is not generally under- 
stood. Because much attention has recently been devoted to 
infections of the pharyngomaxillary space, its anatomical 
location should be thoroughly appreciated. Hall calls atten- 
tion to its vulnerability in his detailed description and illus- 
trations of the anatomy of this space. The anatomical loca- 
tion of the pharyngomaxillary space is such that infections 
of the pharynx may easily spread to involve this region. This 
is particularly true of tonsillar and peritonsillar infections. 
The classical signs of a pharyngomaxillary infection are well 
described and the different diagnosis carefully considered. 
The institution of chemotherapy is advocated as soon as the 
patient is seen if it is felt that suppuration is not yet present. 
If the swelling persists or increases, or if the patient is not 
definitely improving, drainage is advised. 


EXAMINATION OF THE NASOPHARYNX. 


Honiss* thinks that little emphasis has been placed on the 
role which pathologic conditions in the nasopharynx play in 
disturbances of the ear, nose and throat. The presence of 
adhesions, adenoids, lymphoid hypertrophy and hyperplasia 
of the mucous membrane of this area, as well as the occur- 
rence of lymphoid hypertrophy forming ridges on each side 
of the pharynx or nasopharynx, is responsible for much of 
the discomfort experienced in this region. Even after pains- 
taking attempts to remove all the adenoid tissue, inspection 
of the nasopharynx shows that an appreciable amount of lym- 
phoid tissue remains to produce nasal and aural symptoms. 








*From the Section on Ear, Nose and Throat, Ochsner Clinic, New Orleans. 


Editor’s Note: This ms. received in Laryngoscope Office and-accepted for 
publication, Oct. 16, 1942. 
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Lymphoid tissue, as a rule, is found more abundantly around 
the bulbous extremity of the Eustachian tube. During the 
winter months when infections of the upper respiratory tract 
are prevalent, infections of the nasopharynx and pharynx are 
common. These infections, as a rule, respond to local appli- 
cations provided no abnormalifies exist in the nasopharynx. 
Abnormalities of the nasopharynx may affect the proper 
functioning of the nose and ears. Nasal breathing may be 
influenced by these anomalies as much as by deflection of the 
septum. It is generally agreed that the presence of lymphoid 
tissue in the nasopharynx acts as a potential source of infec- 
tion with its attendant disturbing symptoms. The stasis 
which exists interferes with the important function of the 
nasopharynx of acting as a passageway for air and nasal 
secretions. For the past 10 years Honiss has explored the 
nasopharynx with the index finger in every case in which the 
procedure seemed indicated. He believes finger exploration 
gives additional information to that gained by the use of the 
nasopharyngoscope and the posterior pharyngeal mirror. It 
is admittedly a disagreeable procedure but a simple manner 
of obtaining information. The finger is inserted into the 
nasopharynx and the lymphoid tissue is broken down, ironed 
out or crushed by finger dissection. Honiss calls attention to 
the fact that this method is not infallible; however, it may 
be repeated as often as necessary and when it fails other 
methods can be tried. Numerous cases are reported with 
comments on the benefits derived from finger treatment. All 
patients showed definite improvement and many cures were 
reported. Finger exploration of the nasopharynx by its very 
nature has its limitations but, used carefully and sanely, it is 
applicable to several common pathologic conditions. For 
treatment of hyperplasias in the vault of the epipharynx or 
in the fossa of Rosenmiiller, the author believes that this 
method is more practical and safer than surgical intervention 
or electrocoagulation and that it is a valuable complement to 
irradiation. 


The Roentgenologic physiology, anatomy and pathology of 
the neck and mediastinum is described by Iglauer.* Roent- 
genograms of the normal neck show the structures to best 
advantage in the lateral position. The cervical spine forms 
the background. From above downward the following struc- 
tures are revealed: the root of the tongue, the valleculae, the 
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hyoid bone and the epiglottis. The thyroid and cricoid carti- 
lages are next in order. In the infant the neck is relatively 
shorter and the vertebrae are only partly ossified. The 
pharyngeal wall is much thicker and it becomes distorted 
when the infant cries. The best Roentgenograms are obtained 
on inspiration when the soft parts are expanded to admit the 
incoming air. The physiology of swallowing can be studied 
satisfactorily by Roentgenography and the following descrip- 
tion of this mechanism is given by this author: The opaque 
medium (bolus) is pushed upward and backward against the 
hard and soft palate by the action of the tongue while the 
soft palate closes off the nasopharynx. The base of the 
tongue then tilts backward and comes in contact with the 
posterior pharyngeal wall. At the same time, the hyoid bone, 
together with the larynx, is drawn upward under the base 
of the tongue, bringing the arytenoids into contact with the 
epiglottis which is supported by the base of the tongue. 
These combined maneuvers close off the vestibule of the 
larynx and obliterate the pharynx. In the next phase, the 
lower pharynx, which has been momentarily closed, suddenly 
opens and the bolus is pushed over the epiglottis into the 
pharynx by a sort of dump cart action of the tongue. The 
controversial question of the trapdoor action of the epiglottis 
as compared to the sphincteric closure of the larynx in the 
prevention of aspiration of food into the tracheobronchial 
tree is not discussed. 


PHARYNGEAL INFECTIONS. 


Myerson‘ defines lymphogranuloma venereum as a systemic 
disease caused by a filtrable virus and having an incubation 
period of from three to 30 days. Chronic granulomatous 
lesions, generally confined to the anorectogenital region, are 
characteristic. They may occur in other parts of the body but 
rarely are they seen in the pharynx or larynx. The disease 
progresses slowly. Associated with the regional adenitis are 
such symptoms as general malaise, headache, anorexia, fever, 
chills and sweats and local pain. Meyerson differentiates 
lymphogranuloma venereum from granuloma inguinale by 
calling attention to the fact that the latter begins as an infec- 
tion of the skin and subcutaneous tissues in which Donovan 
bodies can be demonstrated and is found exclusively in 
negroes, wheras lymphogranuloma venereum does not origi- 
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nate in the same structures and is not confined to negroes. 
This condition must also be differentiated from other chronic 
granulomas in the pharynx such as those caused by syphilis, 
tuberculosis and fungous infections. The Frei test, which is 
positive for from 10 to 21 days after the appearance of the 
enlarged glands, is the most dependable diagnostic criterion 
and the next is the increased protein content of the blood. 
Microscopically, it is difficult to distinguish this condition 
from syphilis or tuberculosis. There is no form of therapy 
which is consistently effective. Brilliant results have been 
reported from the use of Roentgen therapy, the sulfonamide 
drugs and the Frei antigen administered intravenously. 


Myerson reports a most interesting case of lymphogranu- 
loma venereum occurring in the hypopharynx and larynx. 
This case is noteworthy because only a few cases involving 
the pharynx and almost none affecting the larynx have been 
recorded. 


Schenck’ believes that the aggregations of lymph cells 
which are scattered throughout the pharynx have been too 
much ignored. They form an integral part of Waldeyer’s 
ring and are subject to the same influences and infections as 
the larger and much more considered lymphoid masses. 
When chronic disease of the pharynx is primary, the result- 
ing pathologic changes are almost exclusively concerned with 
the lymph follicles and any accompanying alterations in the 
mucosa, submucosa, glands or muscles are secondary to the 
follicular involvement. The normal mucous membrane of the 
pharynx is smooth except for minute elevations which repre- 
sent aggregations of lymphocytes. Most of the posterior wall 
of the pharynx is covered with stratified squamous epithe- 
lium. The basal layer is clearly delimited by the basement 
membrane. Vacuolation of cells, distinct formation of papillae 
and the presence of other cells including polymorphonuclear 
leucocytes are never found in normal epithelial tissue. The 
submucous layer is composed of a resilient structure to meet 
the requirements of movement which the pharynx undergoes. 
The tunica propria is composed of fibro-elastic connective tis- 
sue supporting spindle-shaped or stellate connective tissue 
cells. The solitary lymph nodules occur immediately beneath 
the basement membrane. They are free from peripheral 
fibrous tissue which forms an investing capsule and are sepa- 
rated from it on all sides by lymph channels. Mucous glands 
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are most numerous in the upper portions of the pharynx and 
in the region of the lateral pharyngeal bands. Histologically, 
certain specific tissue changes accompany chronic infection 
of the pharynx. The earliest change is a numerical increase 
of lymphocytes. Once hyperplasia is established, fibrosis 
appears. As fibrosis appears, obliteration of the peripheral 
lymph channels occurs and eventually a hyaline-like degen- 
eration of the nodules develops. With the appearance of 
lymphoid hyperplasia, polymorphonuclear leucocytes pene- 
trate the basement membrane and invade the e pithelium. 
Extensive vacuolation of the epithelial cells with attrition of 
the epithelial layer is subsequently noticed. In chronic inflam- 
mation of the pharynx the early response of the mucous 
glands is hyperplastic but in late changes when fibrosis occurs, 
atrophy and diminished secretion are observed. In children, 
local subjective symptoms are usually absent but in adults 
hypersecretion of the glands, cough and hoarseness are 
present. 


Matis® reports several interesting cases of pemphigus of 
the mouth with involvement of the pharynx. Such cases are 
rather rare and present many peculiarities in development 
and much difficulty in diagnosis. Pemphigus is primarily a 
skin disease but the mucosa of the mouth, lips, pharynx and 
larynx may be affected. It is generally accepted that when 
pemphigus involves the mouth and pharynx the course of the 
disease is considerably worse. Matis discusses four types of 
pemphigus and then reports five cases of the disease localized 
in the mouth and pharynx. The bullae, which are the princi- 
pal signs of pemphigus, are extremely thin-walled and easily 
ruptured. Following rupture, there promptly develops a 
painful ulcer which assumes a whitish-gray color and from 
which emanates a foul odor. As the disease spreads, the burn- 
ing pain becomes intense and dysphagia develops. If the 
larynx is involved, the possibility of the development of pneu- 
monia is enhanced and the prognosis is extremely grave. Dif- 
ferential diagnosis is discussed. Matis bemoans the fact that 
apparently therapy has little or no effect on the course of 
the disease. He calls attention to the fact that the infection 
spreads from the anterior parts of the mouth to the pharynx 
and larynx. A diagnosis of pemphigus can be made with 
reasonable certainty because this spread is uncommon in 
most diseases of the mouth. 
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McGovern’ feels that acute epipharyngitis constitutes a 
common, obscure cause of fever in childhood. At times it is 
difficult to make an accurate diagnosis in some children. In 
adults it is always possible to make use of posterior rhinos- 
copy. It has been our observation that in the course of an 
acute nasopharyngitis occurring in adults, there is a definite 
thickening and hyperemia of the lateral bands or folds run- 
ning down from the torus of the Eustachian tubes. At times 
these bands are studded with small white spots and it has 
been our experience that these lateral bands do not respond 
readily to any type of therapy. All cases last an unusually 
long time and finally subside. McGovern considers postnasal 
discharge a common complaint and lists some of its most 
frequent causes. He does not, however, suggest a method for 
controlling this annoying condition. 


In a concise article Jervey* discusses the symptoms of an 
acute follicular nasopharyngitis. Many patients are seen who 
are obviously ill, but because of a hasty throat examination 
little or nothing is seen to account for their general sense of 
ill feeling and too often these cases are diagnosed as “influ- 
enza” or “la grippe.” Wisely, Jervey recommends a more 
thorough examination of the nasopharynx, usually by means 
of the postnasal mirror or else by direct examination with 
retractors and elevators. Too frequently a follicular naso- 
pharyngitis is found in which the lymphoid tissue is inflamed, 
many nodules being topped by a small white patch. Cultures 
as a rule, show the presence of streptococci and staphylococci. 
However, the exact cause of the disease is not known. Recur- 
rent attacks suggest a low grade sinus infection as the most 
likely point of origin. Proper treatment is the expeditious 
use of one of the sulfonamides. Although preference has been 
expressed for neoprontosil because of its low toxicity and 
high efficiency, therapy should be largely determined by the 
results of a culture if one has been made. In acute follicular 
nasopharyngitis Jervey believes that local therapy is of no 
benefit and in some cases definitely harmful. Even though 
we do not concur thoroughly with this last statement, we do 
wish to stress his request — “Look, see and believe in the 
postnasal mirror.” 


Breese® reports the occurrence in a group of children of a 
disease presenting a distinct clinical picture which has not 
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been described in standard textbooks. The disease is charac- 
terized by sudden onset with high fever, occasional vomiting, 
acute inflammation of the throat without much local sore- 
ness, disappearance of fever in 24 hours and the appearance 
of a few discrete aphthae or canker-like lesions on the upper 
portion of the tonsillar pillars. The absence of pain and 
discomfort in the throat is in distinct contrast to the mis- 
ery produced by aphthae or herpetic stomatitis in children. 
Apparently this condition lasts about 24 hours, the lesions 
remaining larger but producing no discomfort. The cause of 
the disease is unknown. 


Nelson’® discusses the occurrence of cysts in the naso- 
pharynx and quotes freely from recognized authorities on this 
subject. Pharyngeal bursae are occasionally found but prob- 
ably the most frequently encountered similar condition is 
Thornwaldt’s disease. Because these two conditions overlap 
each other considerably, a histologic examination may be nec- 
essary to establish a diagnosis. 


A membranous and ulcerative pharyngitis is a rather 
unusual condition when due to tularemia. Such a case is 
reported by Anschuetz,'' who reminds us that the usual lesion 
produced by tularemia is an ulcer on the surface of the body 
or an inflammation of the conjunctiva, lesions which indicate 
the point of entry of the infecting organisms. In this case the 
most conspicuous physical sign was an acute, necrotizing 
inflammation of the pharynx and tonsils. The infection spread 
rapidly over the pharyngeal surface with a thin grayish 
membrane which finally extended to the bronchi. Autopsy 
findings proved the pharyngeal infection was one due to tula- 
remia. Only three other such cases have been reported. 


PHARYNGEAL ABSCESSES. 


There are five potential connective tissue spaces about the 
pharynx.* On each side the parapharyngeal or pharyngomax- 
illary space lies lateral to the pharynx. Behind is a closed 
right and left intramural peripharyngeal space. Posterior 
to the peripharyngeal spaces there is a single wide extensive 
retropharyngeal space, continuous below with the retroeso- 
phageal space. All of these compartments contain loose 
areolar connective tissue permitting free movement of the 
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pharynx and esophagus. This tissue, when infected, is capa- 
ble of great distension. Acute infection in any of the neck 
spaces occurs in three forms: lymphadenitis, cellulitis and 
abscess. Cellulitis or abscess may follow lymphadenitis, 
severe pharyngitis or trauma. In suspected retropharyngeal 
abscess in an infant, a lateral Roentgenogram should be 
obtained before the patient has been disturbed by other meth- 
ods of examination. A cold abscess originating from the body 
of a cervical vertebra may be extremely difticult to differen- 
tiate from an ordinary acute abscess. In such a circumstance 
the Roentgenogram will be informative, as it may show not 
only the abscess but erosion of the involved vertebral body. 


We are reminded by Iglauer’® that the vast majority of 
acute infections of the neck are secondary to some primary 
focus in the tonsils, the pharynx, the teeth, the mandible or 
the middle ear. The infection may spread by way of the 
lymphatics or by direct extension in the form of a cellulitis 
or phlegmon. Iglauer defines a retropharyngeal abscess as a 
collection of pus in the areolar tissues behind the pharynx; 
that is, in the retropharyngeal space. This usually results 
from the breaking down of a suppurating lymph node. These 
retropharyngeal lymph nodes receive their drainage from the 
nose, the nasopharynx and the Eustachian tubes. The diag- 
nosis of these conditions presents no difficulty; however, a 
lateral Roentgenogram of the neck is desirable and frequently 
shows clearly the outline of the abscess encroaching upon the 
lumen of the pharynx and even of the larynx. The prognosis 
in these cases is excellent provided the abscess is opened 
promptly and drained adequately. Iglauer believes a general 
anesthetic is contraindicated when these abscesses are opened. 
The ordinary abscess is opened through the mouth with the 
head in the low position. Using his index finger as a guide, 
the operator pushes a blunt forceps through the pharyngeal 
musculature into the abscess cavity. Good suction is abso- 
lutely necessary in these cases. The space lateral to the 
pharynx —the parapharyngeal space—is also sometimes 
designated as the pharyngomaxillary fossa. Iglauer describes 
this space in detail, even dividing it into a prestyloid and a 
retrostyloid compartment. Because of the close proximity of 
the tonsil to the parapharyngeal space, infection from the 
former structure frequently invades this space and forms an 
ahscess. This type of infection produces external swelling 
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and tenderness immediately behind and below the angle of 
the jaw. An external approach to the abscess is usually indi- 
cated. The incision should be made between the lower pole 
of the parotid gland and the posterior margin of the sub- 
maxillary gland. A curved hemostat is introduced and the 
abscess is reached by blunt dissection. Occasionally a direct 
vision approach may be indicated. 


The anatomy of the pharyngomaxillary fossa is reviewed 
and symptoms referrable to this space presented by Goffney.** 
A case is reported in which the lateral pharyngeal wall was 
displaced to the median line and there was considerable swell- 
ing of the left side of the face and lower jaw, accompanied 
by trismus. The various possibilities of infection are dis- 
cussed and an external incision was made posterior to the 
angle of the jaw and dissection was carried deep and slightly 
upward until pus was encountered. 


In an excellent article, Kernan,'* discussing infections of 
the mouth, states that abscess of the tongue is a relatively 
rare condition as only 30 cases have been reported in the 
American and foreign literature between 1920 and 1930. 
Various reasons are given for the apparent immunity of the 
tongue. The covering epithelial layer is peculiarly thick and 
resistant and the blood supply of the tongue is abundant, so 
that threatening bacteria are promptly attacked and destroyed. 
The absence of connective issue and the almost solid muscular 
structure of the tongue gives pus no chance to spread. Most 
infections of the tongue are secondarily the result of acute 
infections of the tonsils. The usual history is that, several 
days after subsidence of an acute sore throat, pain begins in 
one side of the tongue. There is a gradual increase in severity 
of pain, accompanied by swelling which may become so great 
as to interfere with breathing and swallowing. If the abscess 
is situated at the base of the tongue, there is usually an 
accompanying edema of the larynx which may produce dysp- 
nea. Kernan reports two cases of abscess of the tongue which 
he recently had under his care. Both were treated with hot 
irrigations and because of the difficulty in swallowing it was 
necessary to combat dehydration and starvation. One patient 
with an abscess in the front part of the tongue responded 
promptly to incision and drainage. The other patient, who 
had an abscess at the base of the tongue, presented a problem. 
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The swelling of the tongue makes both the use of a laryngeal 
mirror and a direct laryngeal speculum difficult. Incision of 
such an abscess is difficult and was accomplished by Kernan 
with the use of a right-angled laryngeal knife guided by a 
mirror. Would not a No. 15 Bard-Parker blade held firmly 


with curved forceps answer the same purpose as a special 
knife? 


Kernan states that sublingual abscesses are for the most 
part secondary to bad teeth. Occasionally, however, one may 
be due to an impacted calculus in the sublingual duct, or an 
abscess at the root of a tooth ruptures through the bone into 
the floor of the mouth above the mylohyoid ridge to form a 
swelling just under the mucous membrane. The symptoms 
are constant — there is painful swelling under the tongue on 
one side and difficulty in breathing and swallowing. The con- 
dition requires an adequate incision as soon as the pus can be 
localized. The abscess should be drained, preferably into the 
mouth; however, if submaxillary infection has developed, an 
external incision must be made parallel to the ramus of the 
jaw opening the submaxillary space. 


Kernan describes Ludwig’s angina, quoting from a paper 
published by Ludwig in 1836. At the present time there 
is an erroneous tendency to call all sublingual and submental 
inflammations Ludwig’s angina. Few of these cases conform 
to Ludwig’s original description. The symptomatology of this 
condition is thoroughly described. Kernan calls attention to 
the fact that the treatment has traveled the complete circuit 
from medical through surgical procedures and now seems 
about to become medical again. The treatment discussed by 
various authors is described by Kernan. Best results are 
reported by Leonardo, who uses a free incision, followed by 
sulfonamide therapy. Early and free incision seems to be 
the best treatment. 


Kernan quotes Krainz, who explains the tendency to peri- 
tonsillar abscess in those subject to chronic tonsillitis in the 
following way: Repeated attacks of tonsillitis produce a 
deposit of fibrous tissue in the tonsil which prevents the 
emptying of the crypts. The detritus, food and bacteria nor- 
mally present in the crypts become infected and an abscess 
forms. Swelling at the mouth of the crypt blocks off drainage 
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and the abscess ruptures into the space between the tonsil 
and the walls of its fossa formed by the pillars in front and 
behind and the superior constrictor of the pharynx to the 
outer side. The various complications of peritonsillar abscess 
are discussed in detail. Kernan strongly advocates incision 
of the abscess. The merits of total tonsillectomy during the 
acute stage of a peritonsillar abscess are given. Many authors 
advocate this procedure because there is little danger and the 
patient’s resistance is at its height when the abscess is well 
developed. It is said that tonsillectomy gives greatest drain- 
age and relief from pain. We are convinced that by the early 
use of the sulfonamides many of these abscesses clear up 
readily. 


PHARYNGEAL DIVERTICULA. 


Small and Barr’ define pulsion diverticulum as a localized 
pouching of the hypopharyngeal mucous membrane through 
a weak point in the inferior constrictor muscle of the pharynx. 
It could be called a hernia of the hypopharynx which descends 
into the region of the upper esophagus. After reviewing the 
anatomy of the hypopharynx, these authors conclude that the 
following areas may be the site of origin of the diverticulum: 
1. the triangular weak area between the cricothyroid and the 
cricopharyngeus muscles, usually on the left side; 2. the pos- 
terolateral wall of the pharynx between the cricopharyngeus 
muscle and the circular fibres of the esophagus; 3. through 
the lower fibres of the inferior constrictor muscle, probably 
at the site of entrance or exit of vessels or nerves. There are 
several theories as to the cause of pulsion diverticulum. Hasty 
eating in addition to the swallowing of large portions of food 
may produce a weakening of the muscles. As a rule, the 
symptoms of a diverticulum are pathognomonic. Dysphagia 
is always present and there is a history of regurgitating the 
food in practically the same state as when swallowed. On 
swallowing there is a noisy gurgling of which the patient 
frequently complains. A cough is usually present. Whereas 
these symptoms are suggestive of the presence of a diver- 
ticulum, further study by means of endoscopy and Roentgen- 
ography will definitely establish a diagnosis. When a diver- 
ticulum is present, it will never return to normal spontane- 
ously. All cases require surgical intervention to effect a cure. 
Left alone, they tend to increase in size. Small and Barr 
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describe the technique of the one-stage operation and report 
two cases. 


Lindsay"’ quotes Lahey as stating that pulsion diverticula 
of the esophagus far outnumber all other types and that they 
always occur at the esophagopharyngeal level. A diagnostic 
case report with typical symptomatology is presented. No 
operation was performed. 


Lahey” again tells us that pulsion diverticula emerge from 
the back wall of the pharynx at the cricopharyngeal junction, 
that they descend beneath the fibres of the cricopharyngei 
into the mediastinum, that in the beginning they do not pos- 
sess necks and sac-like characteristics, but as they enlarge 
and descend, necks and sacs develop. In the early stages 
symptoms are practically nil. However, as soon as a sac 
develops, regurgitation occurs. Gurgling is an annoying symp- 
tom which eventually appears. As the diverticulum develops, 
obstructive symptoms interfering with nutrition are noted. 
Once an esophageal diverticulum has developed, the sac tends 
to grow progressively larger and ultimately it must receive 
surgical attention. Lahey urges that patients with esophageal 
diverticula submit to operation before the obstructive stage 
occurs. An advocate of the two-stage operation, he discusses 
the most important points to be observed in surgical inter- 
vention. Adequate exposure with a thorough dissection of 
the sac together with protection of the nerves is most impor- 
tant. Other surgical complications are discussed. Lahey is 
very much in favor of postoperative dilatation of the cica- 
trized area at the junction of the pharynx and esophagus. 
He reports 132 cases in which the two-stage operation was 
performed with but one fatality. 


Hershey** discusses the usual type of pulsion diverticulum 
and reviews the anatomy of the neck. He then suggests a 
new surgical approach to correct the diverticulum. He pro- 
poses an incision along the posterior border of the sternocleido- 
mastoid muscle. If this is deepened along the posterior sur- 
face of the prevertebral fascia, it will lead directly to the 
region behind the esophagus. Thus, the soft vital structures 
of the neck will be safely in front of this incision. This obvi- 
ates the necessity of dissecting down between these struc- 
tures. This technique is described in detail. It would seem 
from a study of the advantages presented that it far sur- 
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passes the older method; however, before it can be adopted 
as a standard procedure, it must pass through that phase of 
trial and error which is necessary to prove its value. Because 
the author proposes something new, this article should be of 
much interest to all doing this type of work. 


Most pulsion diverticula are found on the left side of the 
neck due to the proximity of the esophagus to that side. Pul- 
sion diverticula occur about four times as often in men as in 
women; also, they do not seem to attain similar magnitude 
in women as in men. They are rarely seen before the age of 
50 years, although there may be a history of long duration. 
Phillips, et al.,*° advocate swallowing a string before esopha- 
goscopy and firmly believe that unless the following indica- 
tions are present, a one-stage operation may be successfully 
done. The indications for a two-stage operation are those 
cases: 1. in which the diverticula are large; 2. in which con- 
siderable inflammatory reaction is found when the sac is 
opened at the time of operation; 3. which are poor surgical 
risks; and 4. in which the sac extends into the mediastinum. 
In patients in whom the diverticulum is small and the condi- 
tion good, the one-stage operation can be safely carried out. 
They list the following advantages of this method over 
the two-stage operation: shorter hospitalization; infrequent 
recurrence; better visualization of operated area; less danger 
of injury to recurrent laryngeal nerve; and bouginage seldom 
is necessary. They describe the technique of the one-stage 
operation and report two cases. 


Maxeiner” states that the surgical management of pulsion 
diverticulum is a distinctly controversial subject. All writers 
agree that when feasible the sac should be removed and that 
it may be removed safely in two stages, but much argument 
arises as to the safety or danger of the one-stage operation. 
The present day trend of surgical management consists of 
removal of the sac in one or two stages. After due considera- 
tion of the various surgical procedures, Maxeiner devised a 
new technique. The first part of the operation is carried out 
in a routine manner to expose the sac. Muscle and fascial 
fibres are separated and two pairs of curved forceps applied 
to the neck of the stump. The sac is then divided close to the 
proximal forceps and the cuff is sutured over the forceps. On 
the fifth or sixth day the forceps falls off. This was repeated 
experimentally and satisfactory results were obtained. 
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RADIOLOGIC THERAPY. 


Schenck** examined tissue taken from the region of the 
Eustachian tube in 22 children who had received irradiation 
because of a recurrence of lymphoid tissue in this area. All 
of these children had had their tonsils and adenoids removed. 
In each case there existed a hearing loss of a sufficient degree 
to warrant treatment by means of irradiation. The three 
methods of irradiation which were employed are described in 
detail. These are Roentgen rays, Roentgen ray with radium, 
and radium application. Irradiation produced striking effects 
upon the endothelium of the lymph capillaries. Sections 
removed prior to irradiation showed proliferation of endo- 
thelium, whereas sections removed after irradiation showed 
destruction of endothelial cells, while those remaining were 
contracted. The epithelial cells were swollen, often vacuolated 
and detachment of ciliated cells was not uncommon. In many 
cases, minute hemorrhages were seen about and within the 
cells. Other changes which occurred are fully described by 
Schenck. It is generally agreed that the effects of irradiation 
last only about six months, after which time the tissue returns 
to its former state. The conclusion drawn by Schenck is that 
the three methods of irradiation produce about the same type 
and amount of histologic change. It is important to note that 
the histologic appearance after irradiation suggests that the 
increased function of the lymphatic vessels in and about 
hyperplastic lymphoid tissue may be the direct result of this 
form of therapy. As a result of this irradiation, lymphoid 
tissue is definitely reduced. 


We are in complete accord with Kasabach™ that, because of 
the rapidly metastatizing nature of the majority of naso- 
pharyngeal tumors and their inaccessibility, local measures 
such as cautery, surgery and radon have been most disap- 
pointing. It is generally known that malignant tumors of the 
nasopharynx are as a rule highly radiosensitive and for this 
reason Kasabach advocates daily administration of radiation, 
the amount to be regulated by the patient’s general condition, 
his reaction to the treatment and the extent of the disease. 
Kasabach is emphatic in stating that in spite of primary, 
rapid regression or disappearance of the tumor during the 
course of irradiation, treatment should not be suspended 
before the entire dosage has been given; otherwise the disease 
may reappear soon. It has been Kasabach’s observation, as 
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well as our own, that best results are obtained in cases of 
lymphosarcomas and lymphoepitheliomas. 


In an effort to determine the influence on the more radio- 
resistant forms of cancer of the mouth, pharynx and larynx 
by new methods of using Roentgen therapy and radium, Cut- 
ler** reports his observations on 850 cases. Because the aver- 
age otolaryngologist knows so little about this group of cases, 
this article is quoted at length. The “Coutard method” has 
been referred to as the technique accepted by all Roentgenolo- 
gists. Cutler informs us that much confusion surrounds the 
use of this term, as Coutard has never adhered to a rigid 
technique or to a single principle of treatment. The technique 
to which the term “Coutard method” generally applies is 
based on the use of moderate daily doses of Roentgen rays 
until a pronounced reaction in the mucous membrane and 
skin is produced. Cancer of the mouth, pharynx and larynx 
falls into two broad general groups from the point of view 
of radiosensitivity and curability by radiation. In the radio- 
sensitive group belong those lesions originating in the mucous 
membrane overlying loose connective tissue which lack the 
power to infiltrate the underlying muscles and which grow 
for long periods as movable noninfiltrating lesions. These 
carcinomas generally arise in cylindric cells and are undiffer- 
entiated. Metastatic lymph nodes remain circumscribed and 
moveable even when quite large. Lesions of this type are 
highly malignant and as a rule highly radiosensitive. In the 
radioresistant groups are found lesions arising in the mucous 
membrane overlying dense connective tissue, having a tend- 
ency to early infiltration of the underlying muscle with early 
fixation of the surrounding structures. Metastasis occurs 
later and involves the lymph nodes in close proximity to the 
lesion. Histologically, these lesions exhibit adult differen- 
tiated morphologic features. In their early stages, when the 
growth is still superficial, they are radiosensitive and often 
curable in spite of their structure. Once the underlying 
muscle has become invaded and fixed, the lesion becomes 
radioresistant. Cutler describes the concentration method of 
therapy which is of particular interest to the Roentgenolo- 
gist. This concentration method has been used for a period 
of three and one-half years and gives promise of excellent 
results. In brief, the treatment advocated is a higher daily 
dose of Roentgen ray and a shorter total treatment period. 
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LYMPHOID TISSUE IN THE NASOPHARYNX. 


Crowe* in an excellent article calls attention to the impor- 
tance of observing carefully the lymphoid tissue in the 
pharynx, particularly in the nasopharynx, and warns that 
infection of this tissue may extend to the sinuses, ears, larynx, 
bronchi and lungs. It is the duty of the laryngologist to fore- 
see and treat conditions which they know by experience may 
lead to otitis and mastoiditis, deafness, sinusitis, asthmatic 
bronchitis and other systemic disturbances. Lymphoid tissue, 
although much more prevalent in children, is occasionally 
found in adults. It is well known that lymphoid tissue easily 
becomes infected and this infection readily spreads to adjacent 
structures. Repeated infections produce pathologic changes in 
the tissue, and when hypertrophy occurs it may produce a 
mechanical obstruction to breathing and even to the orifice 
of the Eustachian tubes. The adenoids or excessive lymphoid 
tissue are not always completely removed surgically. Crowe 
states that a recurrence of lymphoid tissue after removal of 
the adenoids occurs much more frequently than is generally 
believed. Some children continue having infections in the 
nasopharynx even after tonsil and adenoid operations. There 
may even develop a granular pharyngitis, frequent colds or 
an impairment of hearing. If this condition is ignored, the 
ears are most liable to suffer. Repeated attacks of otitis 
direct attention to the nasopharynx and the development of 
a chronic subacute tubotympanic catarrh may produce sec- 
ondary changes in the middle ear which may seriously and 
permanently impair hearing. Crowe believes it is just as 
important for the otolaryngologist to examine the naso- 
pharynx, the tympanic membranes and the hearing of chil- 
dren once or twice a year for the preservation of hearing as 
it is for the dentist to examine the teeth at intervals for their 
preservation. The successful method for controlling this 
recurrence of lymphoid tissue is by irradiation. It is rather 
difficult to administer Roentgen rays to small children because 
of the large dosage which must be given. This excessive dos- 
age subjects the centers of ossification for the growing bones 
of the face and skull to a large amount of radiation, which 
may do harm in a child. Crowe advocates the use of radon 
applied directly, with a special applicator, to the lymphoid 
tissue in the nasopharynx. Repeated applications may be nec- 
essary before the lymphoid follicles disappear. It has been 
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determined that lymphoid tissue is much more sensitive to 
radiation than the surrounding tissue in the nasopharynx. 


NEUROSIS OF THE PHARYNKX. 


Ford® has brought to our attention the neuroses which 
occasionally occur in the pharynx. These neuroses may belong 
to the sensory or motor group. Many patients complain of 
abnormal sensations in the throat and because a superficial 
examination reveals little or no trouble the patient is classi- 
fied as a neurotic or possibly the trouble is considered due to 
hysteria. Although it is true that a goodly number of 
patients may fall into this classification, a diligent examina- 
tion should be made to determine, if possible, the cause of the 
disorder. It must be remembered that there is a wide varia- 
tion in patient’s ability to endure discomfort. The most com- 
mon complaints of patients suffering from neuroses are hyper- 
active gag reflex, sensation of a foreign body in the throat, 
itching, burning and often actual pain. As a rule, some defi- 
nite cause can be found to account for these symptoms. Ford 
further warns us that not only are these symptoms brought 
on by localizing conditions but they may be the result of a 
general constitutional disorder. Obviously, the treatment of 
such conditions is removal of the cause. If, after diligent 
search, no cause can be found and the patient is considered 
psychoneurotic or hypersensitive, then proper treatment 
should be instituted. The hypersensitive pharynx should be 
made more tolerant by repeated applications to the pharynx, 
whereas the psychoneurotic should have his self-centered 
attentions directed into other channels. Pharyngeal anes- 


thesia is the least common of the sensation neuroses and 
may be easily mistaken, due to a wide range of normal varia- 


tions in sensitivity. Unilateral anesthesia is practically always 
hysterical if there is no evidence of peripheral tumors or 
central lesions. The motor neuroses of the pharynx are spas- 
modic and paralytic. As underlying causes of spasmodic 
affections Ford lists globus hystericus, paralysis agitans, cho- 
rea. hydrophobia, cerebellar tumors and edema. Globus hys- 
tericus, although hysterical in origin, may be due to a spasm 
of the cricopharyngeus muscle caused possibly by an ulcer. 
Ford enumerates many other causes which may produce a 
spasm, such as irritation of the Vth nerve, lead, alcohol or 
strychnine poisoning. In the paralytic throat there is natu- 
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rally a loss of reflexes and movements of the palate. In uni- 
lateral paralysis due to a motor nerve lesion, similar changes 
are found in the hypopharynx. In elderly people muscular 
weakness may simulate paralysis. Other causes producing 
paralysis may be listed generally as extracranial, intracra- 
nial and central. This includes tumors and lesions which as 
a rule do not respond satisfactorily to symptomatic treatment. 


BENIGN TUMORS OF THE NASOPHARYNX. 


Smith** reports an unusual case of a patient complaining 
of dysphagia produced by a tumor filling the right pyriform 
fossa and attached to the aryepiglottic fold. In addition there 
were two other similar tumors with long pedicles attached to 
the right pharyngeal wall, and the body of these extended into 
and lodged in the mouth of the esophagus. Only the tumors 
with long pedicles were removed because they could easily be 
reached. The author frankly states that the tumor attached 
to the aryepiglottic fold was not removed because of its inac- 
cessibility. Tumors in this region with pedicles do not pre- 
sent, as a rule, any difficult problem and we are of the opinion 
that this tumor should have been removed, probably most 
easily by suspension laryngoscopy. Microscopic examination 
showed these tumors to be composed of very vascular fibro- 
lymphatic tissue. This case is unusual not only because of its 
rarity but also because a surprisingly large mass was found 
in the lumen of the esophagus, which caused no symptoms 
once it was within the lumen. 


The relative infrequency of occurrence of fibroma of the 
nasopharynx is indicated by the fact that Walker and Stock” 
state that one case is seen in 164,000 ear, nose and throat 
cases. Fibromas are usually seen in boys between the ages of 
13 and 16 years. Rarely do they occur in girls. Nasopharyn- 
geal fibroma is always formidable because of the difficulty of 
controlling hemorrhage at the time of operation. These 
tumors usually have, near the surface, large cavernous blood 
vessels which have no contractile walls. This probably*ac- 
counts for the profuse hemorrhage and the difficulty of con- 
trolling it. As a rule, the diagnosis can be readily made. 
There is a history of constant and increasing nasal obstruc- 
tion. Fibromas are nearly the color of normal tissue and very 
firm. Depending upon the size, they may produce a multi- 
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plicity of symptoms. Walker and Stock discuss the treatment 
of these cases. Splitting of the soft palate from uvula to the 
hard palate in the median line provides an adequate view of 
the mass and an opportunity to begin surgical interference 
at the base of the tumor, which is advantageous. The implan- 
tation of radium needles or radon seeds is strongly advocated 
before surgical methods are contemplated. By the use of 
radium the blood vessels in these tumors are changed, prob- 
ably causing an endarteritis and consequently less hemor- 
rhage. In some cases in which irradiation was used, it was 
not necessary to resort to surgery. Walker and Stock think 
no less than 400 to 1,000 mg. hours of radium should be 
applied. It is preferable to repeat the irradiation several 
times before surgical removal is attempted. 


In an excellent discussion, Cantril** reminds us that malig- 
nant tumors of the head and neck are anatomically more open 
to view than those in any other region. Yet they are too often 
not recognized early. The majority of carcinomas of the 
tongue and oral cavity when seen are relatively advanced and 
in most of these cases the disease was not recognized as a 
malignant one when the patient originally sought medical aid. 
In discussing carcinomas of the tongue, Cantril describes a 
case in which the patient had only two fillings in the teeth — 
one large gold inlay directly above a large amalgam filling. 
The carcinoma developed on the lateral border directly against 
these dissimilar fillings because of the continued action of a 
galvanic current set up in the mouth by this dental storage 
battery. The magnitude of this current is far greater than is 
usually supposed. A thorough examination of the nasopharynx 
requires some experience and patience and, because of its 
location and problems of inspection, this is not always done. 
Cantril well describes the symptoms and clinical manifesta- 
tions of nasopharyngeal tumors and warns us to be on con- 
stant guard for them. The lymph glands, particularly just 
behind and below the ear, are the site of predilection for 
metastasis from nasopharyngeal tumors. The presence of 
cervical lymphadenopathy should be an indication for a com- 
plete study of the nasopharynx. The greater number of naso- 
pharyngeal neoplasms are epitheliomas. Some of these are 
highly undifferentiated, and rapidly growing and metastasiz- 
ing. Because of the abundance of lymphoid tissue in the naso- 
pharynx, lymphosarcomas are seen with some frequency. 
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Lymphoepithelioma is the third type of malignant tumor 
found in the nasopharynx. All nasopharyngeal neoplasms are 
highly radiosensitive. Cantril further warns that no lymph 
node tumor should be removed anywhere from the neck until 
a thorough and competent examination of the oral cavity, 
nasopharynx, pharynx and larynx has been done. Because 
the most common malignant tumor of the neck is a metasta- 
sis, every effort should be made to find the original growth 
before removal of the cervical tumor is attempted. At the 
present time the prognosis for a patient with a malignant 
tumor of the nasopharynx is not very hopeful. This is partly 
due to the fact that the majority of diagnoses is made only 
in the advanced stage. The administration of Roentgen rays 
is the preferable treatment for primary nasopharyngeal 
tumors, as well as for cervical metastasis. Because this entire 
group of tumors arising in the nasopharynx is radiosensitive, 
Roentgenotherapy could accomplish many cures if the growths 
were diagnosed early. Personal experience with nasopharyn- 
geal growths has made us realize the advantages of an early 
diagnosis and also the value of Roentgenotherapy. We have 
had excellent results in several cases with direct implantation 
of radium needles into the tumor. 


Boldrey and McNally*® report four cases of an unusual 
neoplasm which develops predominantiy within the cranial 
cavity, but by erosion enters the field of the otolaryngologist. 
This neoplasm develops from the remnants of the notochord 
and is called a chordoma. To date only 85 cases have been 
reported in the literature. We are told that a diagnosis of 
chordoma is difficult when the tumor is confined to the cranial 
cavity. When the tumor projects into the nasopharynx, the 
diagnosis is more easily made. This projection into the nasal 
cavity is at the expense of erosion at the base of the skull, 
which can be verified by Roentgenographic examination. 
Pharyngoscopic examination gives further evidence as to the 
extent of the tumor, which is usually smooth, round and firm. 
A positive diagnosis can be made only by means of a biopsy. 
Boldrey and McNally advocate procuring tissue by aspiration 
through a large gauge needle. This method, according to 
them, is simple, safe and conclusive. Boldrey and McNally 
further state that early sarcoma, fibroma and chordoma 
closely resemble each other. Fibromas and chordomas are 
said to be more frequent in males, the fibroma being more 
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common in the younger age group. Chordomas grow slowly. 
Surgical intervention has not been very successful ; irradiation 
is the treatment of choice. 


Solitary neurofibroma of the pharynx is described by Hall 
and Owens as one of the rarest tumors ever to be encoun- 
tered. The case which they report is the second to be recorded 
in the literature by the laryngologist, the first being reported 
by Figi in 1933. They present this case in detail. In such 
cases as this, the diagnosis can be made only by the patholo- 
gist. These tumors arise from the sheath by nerves or from 
nerve roots and when situated peripherally they attain much 
larger proportions than when they are located centrally, such 
as on the acoustic nerve. 


Arons*' concurs that early diagnosis of nasopharyngeal 
tumors is difficult at times because in the early stages the 
symptoms appear unimportant. Nasal bleeding is an impor- 
tant sign when present; however, it may be so slight that the 
patient attaches no significance to it. A thorough search for 
lymphatic adenopathy should always be made. A patient com- 
plaining of symptoms referable to the nasopharynx should 
always be subjected to a thorough pharyngoscopic examina- 
tion in addition to a post-mirror examination of the naso- 
pharynx with the aid of the soft palate retractor. The routine 
use of this latter instrument permits an excellent view of the 
entire nasopharynx and if a tumor is present there is little 
excuse for not discovering it unless it is extremely small. Bi- 
opsy should be performed if at all possible. Fortunately, these 
tumors are all radiosensitive and respond well to irradiation. 
Nasopharyngeal fibromas occur in males between the ages of 
8 and 25 years. Although the consequence of such tumors 
may be serious, the tumor is not malignant in the true sense, 
as it does not produce metastasis. Arons states that it usually 
does not infiltrate into the surrounding structures, but it may 
cause their breakdown by pressure. Frequently such tumors 
assume alarming proportions so that they block the naso- 
pharyngeal cavity and extend even below the soft palate to 
produce a peculiar facial expression. The tumor is of car- 
tilaginous firmness. Histologically, it consists of highly cellu- 
lar fibroblastic tissue closely resembling sarcoma. It is rich 
in blood vessels which are sometimes cavernous; this explains 
the tendency to severe hemorrhage. Nasopharyngeal fibro- 
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mas are radiosensitive and respond to implantation of radium 
needles and irradiation. This type of therapy must be repeated 
before it is possible to eradicate the growth completely. 
Arons believes that irradiation should only be used to reduce 
the size of the growth and thereby make the patient com- 
fortable, as these growths undergo spontaneous regression 
with the end of bony development. 


In Brock’s** experience, cranial nerve involvement has been 
the presenting symptom in 50 per cent of the cases of naso- 
pharyngeal tumors. He finds the Vth and VIIth cranial nerves 
frequently involved. Continuous or recurrent localized pain 
on one side of the face or about the eye or even in the mas- 
toid region should arouse suspicion, especially if there is an 
associated skin paresthesia or anesthesia in any of the areas 
of distribution of the Vth nerve. If there are some signs of 
motor trigeminal involvement, i.e., ipsilateral wasting of the 
masseter and temporal muscles and weakness of the ptery- 
goids, the suspicion should be increased. Disturbance of the 
Vith nerve produces partial external rectus weakness with 
diplopia on homonymous lateral gaze. Involvement of the 
jugular foramen (posterior lacerated) will affect the IXth, 
Xth and XIIth nerves. In such a circumstance there may be 
loss of taste of the posterior third of the tongue and sensory 
defects of the soft palate, pharynx and larynx. Dysphonia or 
dysphagia may occur and occasionally hemiatrophy of the 
tongue may be observed. Late in the disease bilateral distri- 
bution of symptoms is not unusual. 


In nonmalignant tumors, Babcock** states that the out- 
standing features are usually bleeding and obstruction, with 
secondary otogenous symptoms of deafness, tinnitus and oti- 
tis media. Bleeding is particularly severe in the presence of 
fibromas and hemangiomas. Although these latter are essen- 
tially benign in nature, the problem of hemorrhage can assume 
serious proportions. Fortunately, the use of radium greatly 
reduces this possibility. Malignant tumors of the nasopharynx 
are insidious, frequently cause no subjective symptoms and 
attain no great proportion at their site of origin. The initial 
symptoms are often the result of metastasis to the regional 
nodes or to invasion of the base of the skull. Locally, obstruc- 
tion to nasal breathing, nasal secretion, nose bleed or Eusta- 
chian symptoms may be encountered. When metastasis to the 
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cervical nodes occurs, the involvement is usually unilateral, 
but it may be bilateral. The nodes are likely to be situated 
in the posterior triangle or under the upper third of the 
sternocleidomastoid muscle. They are hard and painless. 
Trismus is present in a large number of cases. This is due to 
invasion of the pterygoid muscles. The symptoms due to 
infiltration of the base of the skull vary greatly, depending 
on the regions involved. Headache is common and change of 
personality may be observed. Multiple cranial nerve involve- 
ment produces the most striking and characteristic symptoms. 
Invasion of the middle fossa may attack the IInd, IIIrd, [Vth, 
Vth and VIth cranial nerves and produce facial pain and ocu- 
lar paralyses and blindness. If the foramen lacerum is 
involved, the I[Xth, Xth and XIIth nerves will be attacked, 
causing dysphagia, hoarseness and paralysis of the tongue. 
Examination of the nasopharynx in tumors of this region 
discloses variable findings. The lesion may resemble adenoids 
but it is usually asymmetrical and it is more apt to be ulcer- 
ated. At times nothing is seen but a small ulcerated area. 


In the opening of a symposium on nasopharyngeal tumors, 
Stout** remarks that such tumors are not common and it is of 
interest that benign growths in this group are much rarer 
than malignant growths. A curious observation is the rela- 
tively high incidence of malignant neoplasms of the naso- 
pharynx among the Chinese. Among the varieties of naso- 
pharyngeal tumors are neurilemmomas, hemangiomas, lipo- 
mas, xanthomas and cysts. Manifestations of general disease 
by tumefaction of the nasopharynx may also be encountered 
in such conditions as Hodgkin’s disease (infectious granu- 
loma), leukemia, leukosarcoma and Kaposi’s disease (xero- 
derma pigmentosum). Embryonal rests developing into chor- 
domas and hypophyseal rest tumors occasionally extend down- 
ward into the pharynx. Of the more common tumors the 
benign group includes polyps, fibromas, cysts and chondro- 
mas. The most interesting of this group is the fibroma. 
Unfortunately, the histopathological variations of the struc- 
ture of nasopharyngeal fibromas have produced such classifi- 
cations as angiofibroma, bleeding fibroma of masculine puber- 
ty, fibromyxoma and even myxosarcoma. It is composed of 
fibroblasts, reticulin fibres and a great many blood vessels. 
In spite of its tendency to recur after removal and the danger 
of serious hemorrhage as the result of surgical extirpation, 
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it is basically a benign tumor. The histology of malignant 
epithelial tumors of the nasopharynx is far from settled. 
True carcinomas are rare. The only form with which Stout 
is familiar is the cylindroma. It is closely related to what is 
known as the mixed tumor but differs from it in two impor- 
tant respects: It is composed solely of cells which have a 
marked tendency to form acini; and it is definitely infiltrative 
in character. The more anaplastic epithelial malignancies of 
the nasopharynx include lymphoepitheliomas and a host of 
other variants, the description of which is treated in greater 
detail elsewhere. 


Among a group of unusual tumors occurring in the upper 
respiratory tract, Schall and Cordray include a plasmocytoma 
of the nasopharynx. The tumor occurred in a white male, 
68 years of age. The presenting symptom was epistaxis, but 
for six months before he had had nasal obstruction. The 
tumor was the size of an egg, smooth, bluish in color and 
attached to the right pharyngeal wall, extending to the Eusta- 
chian tube. Although this is a rarely reported tumor of the 
nasopharynx, the occurrence of such a neoplasm of the 
mucous membranes and lymph nodes elsewhere indicates a 
lack of attention to the pharyngeal growth. The distinctive 
characteristic of the tumor is found in its composition of 
plasma cells, the origin of which is uncertain. Also included 
in this group of tumors is the report of the case of a menin- 
gioma of the pharynx found in a female of 24 years. It 
appeared as a swelling about the size of a walnut, located 
beneath the right submaxillary gland. It extended proxi- 
mally beneath the ramus of the mandible and posteriorly 
toward the base of the skull. Because of its intimate contact 
with the facial veins, the external carotid artery and the 
hypoglossal nerve, its removal was difficult. Meningiomas 
are actually not tumors of the brain but arise from the arach- 
noid. Because of the location of the tumor in this case, it 
was assumed that it emerged from the foramen of the Vth 
cranial nerve. 


MALIGNANT GROWTHS OF THE PHARYNX AND LARYNX. 


Clerf,*® in an article in which tumors of the larynx form 
the greatest part of the discussion, mentions that pharyngeal 
lesions occurring on the posterior wall of the pharynx are 
not common but are difficult to combat. They do not produce 
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early symptoms and do not respond favorably to irradiation. 
Clerf mentions a case of tumor of the larynx which did not 


respond to irradiation and finally necessitated surgical inter- 
vention. 


New and Dorton** found that suspension laryngoscopy was 
of considerable value particularly in the treatment of malig- 
nant diseases of the hypopharynx and larynx. Although sus- 
pension laryngoscopy has been used for years, its value in 
certain types of cases has not been sufficiently appreciated. 
We concur most heartily with New and Dorton, for we have 
used suspension laryngoscopy for many years and strongly 
believe that this method of approach offers tremendous advan- 
tages in a selected group of cases. It is employed by rela- 
tively few men because of the lack of appreciation of its true 
merits. New and Dorton have divided the specially selected 
cases into five groups, depending upon the location of the 
growth: 1. growths at the base of the tongue in the hypo- 
pharynx; 2. supraglottic growths; 3. intralaryngeal growths; 
4. growths involving the lateral and posterior walls of the 
hypopharynx; and 5. postcricoid growths. In the first group 
only primary growths at the base of the tongue in the hypo- 
pharynx are included and these are further subdivided into 
three varieties: 1. adenocarcinoma, mixed tumor of a low 
grade malignancy; 2. the highly malignant squamous epithe- 
lioma which infiltrates into the tongue; and 3. a low grade 
squamous cell epithelioma which does not infiltrate the 
tongue but is an outgrowth from the surface of the tongue. 
Suspension laryngoscopy offers a better approach to lesions 
in these areas than any other method of laryngoscopy. Of 
course, extensive lesions could not be treated satisfactorily 
by this or any other method. In the second group of cases in 
which supraglottic growths are considered, these authors 
warn that lesions in this area should not be treated by sus- 
pension laryngoscopy when a lateral or subhyoid pharyn- 
gotomy is indicated. Again, a plea is made for the proper 
selection of cases. Although the scope of this paper should 
not include comments on laryngeal lesions, we cannot refrain 
from indorsing the removal by suspension laryngoscopy of 
intralaryngeal growths as reported by New and Dorton. 
Ninety per cent of the malignant growths removed from the 
vocal cords by the intralaryngeal method are reported as well. 
Our experience and the results of series of cases. recently 
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reported confirm the efficacy of the method provided the 
admonition of properly selecting the cases for intralaryngeal 
surgery is rigidly adhered to. In highly malignant tumors, 
radium treatment has given the best results, whereas the low 
grade type is best treated with surgical diathermy. A group 
of cases is reviewed, the method of treatment is outlined in 
detail and the final results are given. 


Figi** reminds us that in general malignant neoplasms of 
the nasopharynx present a gloomy outlook. Among the fac- 
tors responsible for this condition is the fact that many 
malignant neoplasms remain asymptomatic until well ad- 
vanced. The extreme difficulty in determining the exact 
extent of the lesion and its inaccessibility for surgical inter- 
vention further complicates the picture. Invariably the lesions 
formed in this area are always highly malignant, with a 
tendency to early metastasis. Figi correctly states that as a 
rule general surgery is contraindicated and irradiation is 
strongly advocated. He reports excellent immediate results 
with fractional doses of Roentgen ray according to the method 
of Coutard. By this method there has been a complete dis- 
appearance of the tumor in the nasopharynx and of the met- 
astatic nodes in the neck. Fibromas are also discussed by: 
Figi. These tumors are microscopically benign but clinically 
malignant. They occur chiefly in males during puberty and 
continue as active neoplasms until the age of 20 to 25 years. 
As a rule, they arise in the vault of the nasopharynx. Where- 
as they never metastasize, they may, by pressure absorption, 
perforate the base of the skull. Electrocoagulation and inter- 
stitial radiation, preferably in stages, offer a good prognosis. 


In a discussion of carcinoma, Havens** states that malig- 
nant lesions involving the nose, nasopharynx and paranasal 
sinuses often are well advanced before discovery, because the 
lesion may remain symptomless for a considerable time and 
because the first symptoms, particularly of a lesion in the 
nasopharynx, may refer to some other structure such as the 
neck, the eye or the ear. Havens warns that a dull, persistent 
pain about the head or face if worse at night or on lying 
down, and particularly if it awakens the patient in the early 
hours of the morning, should be considered with suspicion. 
Because of the difficulty encountered in examining the naso- 
pharynx, lesions occurring in this area are frequently over- 
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looked. We have just recently seen a patient referred to us 
because of an unusual enlargement in the cervical region. 
Examination of the nasopharynx disclosed a lymphosarcoma 
that had not up to the time of examination produced any 
symptoms. This finding concurs with Havens’ statement that 
in many cases the first indication of trouble is the presence 
of an enlarged, firm lymph node in the upper part of the mid- 
cervical region. Double vision is another symptom occasion- 
ally observed and is due to an involvement by extension of 
the VIith nerve with paralysis of the external rectus muscle. 
A blocking or an involvement of the Eustachian orifice is 
manifested by ringing and roaring, with impairment of 
hearing. Havens believes that squamous cell epithelioma 
(Grade IV) is the type of carcinoma most frequently found 
in the nasopharynx. They are radiosensitive and irradiation 
is the treatment of choice. Radium may be applied directly 
to the lesion with a suitable applicator. Treatment in all 
cases of malignancy involving the nasopharynx must be ener- 
getic and adequate. The radiologist working in conjunction 
with the rhinologist must watch the results of irradiation. 
The patient should be told that discomfort must be tolerated 
in exchange for a return of health. In those cases seen early, 
excellent results are obtained. 


Koletsky*® reports an interesting case in which all symp- 
toms indicated a primary carcinoma of the nasopharynx. At 
first, pain in the left cheek with negative clinical and radio- 
logic findings made plausible a diagnosis of trigeniinal neu- 
ralgia. A month later, nasal blockage revealed a tumor in the 
nasopharynx and a Roentgenologic examination showed that 
the tumor had invaded the skull. The mass grew rapidly and 
death occurred four months later. Autopsy showed the pri- 
mary lesion was a carcinoma of the left kidney and that the 
clinical manifestations were due to a metastatic tumor, in all 
probability originating on the floor of the skull and thence 
invading the cranial cavity and the soft tissues of the left 
nasopharynx. At the onset the symptoms of trigeminal neu- 
ralgia were due to pressure by a tumor on the Gasserian 
ganglion. The primary neoplasm in the kidney was occult 
clinically throughout the patient’s life. 


Arbuckle and Stutsman“! remind us that the treatment of 
pharyngeal cancer by all means at our disposal is still most 
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unsatisfactory. The fact is brought out that occasionally 
radiotherapy is productive of bad results in that normal tis- 
sue is disturbed and secondary infection and sepsis result. 


Despite the chaotic state of affairs encountered in the his- 
tologic classification of malignant tumors of the upper res- 
piratory tract and the consequent inconvenience to those seek- 
ing a nicety of diagnosis in such neoplasms, the subject is 
one abounding in interest from the standpoint of histogenesis. 
Frank, Lev and Blahd* open their contribution by clearly 
defining the two types of malignant tumors found in the 
upper respiratory tract. The squamous or epidermoid carci- 
nomas are those which tend to produce cells which mimic the 
metamorphosis of the cells found in the normal parent tissue. 
The second group is much more anaplastic and has been vari- 
ously referred to as anepidermoid carcinoma, transitional cell 
carcinoma, basal cell carcinoma and lymphoepithelioma. It is 
with this second or “nonsquamous” group that they are 
concerned. The historical retrospect includes arguments ad- 
vanced in support of the various designations. Particularly 
in the nasopharynx where a “lymphoepithelium” is found, 
malignant tumors are apt to produce a varied structure. Epi- 
thelial and lymphoid elements growing wildly together natu- 
rally will be difficult to interpret and the preponderance of 
one or the other element may influence the interpreter either 
way. He may incline to the diagnosis of reticulum sarcoma 
or feel that the tumor is primarily epithelial in origin and 
secondarily invaded by lymphocytes. It has been denied by 
some that there is a true lymphoepithelium and that these 
tumors spring from structures lined by a transitional type of 
epithelium, hence they are transitional cell carcinomas. The 
authors consider that transitional cell carcinomas have a 
number of more or less distinct types: Type I—a small 
basal cell type; Type II — a medium basal cell type; Type III 
—a large basal type; Type IV —a type arising from the 
mucous membrane of the nose, which shows masses of anas- 
tomosing cords of small polygonal cells resembling reticulum 
cell sarcomas; Type V—a separate type found in the 
pharynx, characterized by masses of cells with indistinct bor- 
ders. The cells resemble both reticular and epithelial tissue 
and are interspersed with lymphocytes (if this is a distinct 
type, it is undoubtedly a true lymphoepithelioma) ; Type VI 
—the components of the type are irregular masses of cells 
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which appear to be a cross between basal and spinous cells; 
Type VII —an irregular type which appears to conform to 
no simple designation or group of cells. A point lucidly dis- 
cussed is the question of the propriety of the term “transi- 
tional cell” tumor. They explain that the term can be applied 
to those tumors which spring either from transitional epithe- 
lium such as nasal mucous membrane, or from the transi- 
tional layer of epithelium in organs covered by stratified 
squamous epithelium. In general, it may be said that all of 
the epithelial tumors of the upper respiratory tract have a 
tendency to early metastasis of the regional lymph nodes. 
Squamous carcinoma and transitional cell carcinoma manifest 
about the same degree of metastasis; atypical forms do so to 
a greater extent. Distant metastases also occur with about 
the same frequency in squamous and transitional cell carci- 
noma. After radiotherapy, transitional cell and atypical car- 
cinomas have a better prognosis than squamous carcinoma. 
In a comparison between the clinical malignancy of transi- 
tional cell carcinomas and the number of mitoses on the one 
hand and the difference in size, shape and staining quality 
on the other, it was found that: 1. from the standpoint of 
survival following radiation therapy, there was no difference 
between those with few and those with many mitoses; 2. from 
the standpoint of metastasis to the lymph nodes, the tumors 
with more mitoses spread more readily. From the standpoint 
of atypism, local metastasis was more frequent in tumors with 
moderate than in those with marked cell variation; but in 
regard to survival, there was no difference between the two. 
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